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Description

TECHNICAL FIELD

[0001] The present invention relates to driving support
technique for a vehicle at the time of merging.

BACKGROUND TECHNIQUE

[0002] There is proposed a car navigation device which
supports driving at the time of merging from a merging
lane to a main lane. For example, Patent Reference 1
discloses a method in which, when a merging vehicle
indicates intention of merging and a vehicle running on
the main lane permits or allows the merging, it is notified
to a driver of the merging vehicle.
[0003] Patent Reference 1: Japanese Patent Applica-
tion Laid-open under No. 2012-118870

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0004] Patent Reference 1 does not disclose anything
about a merging place on the merging lane. In addition,
when the technique of Patent Reference 1 is executed,
when a vehicle merges to a congested road for example,
merging occurs at many positions on the merging lane
and the main lane, resulting in further traffic congestion.
Furthermore, when the merging occurs at many posi-
tions, the vehicle running on the main lane may become
necessary to accept merging of many vehicles inconven-
iently or unfairly.
[0005] The above are examples of problems to be
solved by the present invention. It is an object of the
present invention to provide a merging support device
capable of smoothing the traffic flow at the merging place
by concentrating the merging points to a single point at
the time of traffic congestion.

MEANS FOR SOLVING THE PROBLEM

[0006] One invention described in claims is a merging
support device comprising: a current position acquiring
means which acquires a current position of a movable
body; and a presentation control means which performs
control of presenting a recommended merging area on
a merging lane where merging is recommended, when
the current position is on the merging lane for merging
to a specific road.
[0007] Another invention described in claims is a merg-
ing support method executed by a merging support de-
vice comprising: a current position acquiring process
which acquires a current position of a movable body; and
a presenting process which performs control of present-
ing a recommended merging area on a merging lane
where merging is recommended, when the current posi-
tion is on the merging lane for merging to a specific road.

[0008] Still another invention described in claims is a
merging support program executed by a merging support
device including a computer, the programmaking the
computer to function as : a current position acquiring
means which acquires a current position of a movable
body; and a presentation control means which performs
control of presenting a recommended merging area on
a merging lane where merging is recommended, when
the current position is on the merging lane for merging
to a specific road.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 is a block diagram illustrating a schematic
configuration of a merging support device according
to an embodiment of the present invention.
FIG. 2 schematically illustrates recognition ranges
of image sensors and radars.
FIG. 3 is a block diagram illustrating a configuration
of a navigation device.
FIGS. 4A and 4B are diagrams for explaining a basic
method of merging support.
FIG. 5 is a flowchart of merging support processing.
FIG. 6 is a flowchart of target vehicle selection
processing.
FIG. 7 is a flowchart of target vehicle changing
processing.
FIG. 8 is a flowchart of target vehicle changing
processing.
FIGS. 9A to 9C illustrate an example of changing the
target vehicle.
FIGS. 10A to 10C illustrates another example of
changing the target vehicle.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] According to one aspect of the present inven-
tion, there is provided a merging support device compris-
ing: a current position acquiring means which acquires
a current position of a movable body; and a presentation
control means which performs control of presenting a
recommended merging area on a merging lane where
merging is recommended, when the current position is
on the merging lane for merging to a specific road.
[0011] The above merging support device is loaded on
a movable body and acquires a current position of the
movable body. The merging support device presents the
recommended merging area when the movable body is
on the merging lane. The recommended merging area
is an area on the merging lane where merging is recom-
mended, and is preferably an area of a predetermined
distance from an ending position of the merging lane. By
the merging support device, the recommended merging
area is presented when the movable body is on the merg-
ing lane. Therefore, the movable bodies merge in the

1 2 



EP 3 113 151 A1

4

5

10

15

20

25

30

35

40

45

50

55

recommended merging area in order, and the congestion
at the merging place can be prevented.
[0012] In one mode of the above merging support de-
vice, the presentation control means performs control of
presenting information prompting to start merging oper-
ation when the current position is in the recommended
merging area. In this mode, when the current position of
the movable body enters the recommended merging ar-
ea, information prompting to start the merging operation,
e.g., an instruction to output the turn signal is presented.
[0013] Another mode of the above merging support de-
vice further comprises a traffic congestion determining
means which determines whether or not the merging lane
is congested, wherein the presentation control means
performs control of presenting the recommended merg-
ing area when the merging lane is determined to be con-
gested. In this mode, the recommended merging area is
presented when the merging lane is congested.
[0014] Still another mode of the above merging support
device further comprises a designating unit which des-
ignates one other movable body running on the specific
road as a target movable body, wherein the presentation
control means performs control of presenting the infor-
mation prompting to start the merging operation to merge
behind the target movable body when the target movable
body has been designated and the current position is in
the recommended merging area. In this mode, a movable
body running on the specific road subjected to the merg-
ing is designated as the target movable body. Then, when
the movable body enters the recommended merging ar-
ea, information to merge behind the target movable body
is presented.
[0015] According to another aspect of the present in-
vention, there is provided a merging support method ex-
ecuted by a merging support device comprising: a current
position acquiring process which acquires a current po-
sition of a movable body; and a presenting process which
performs control of presenting a recommended merging
area on a merging lane where merging is recommended,
when the current position is on the merging lane for merg-
ing to a specific road. By this merging support method,
the recommended merging area is presented when the
movable body is on the merging lane.
[0016] According to still another aspect of the present
invention, there is provided a merging support program
executed by a merging support device including a com-
puter, the programmaking the computer to function as:
a current position acquiring means which acquires a cur-
rent position of a movable body; and a presentation con-
trol means which performs control of presenting a rec-
ommended merging area on a merging lane where merg-
ing is recommended, when the current position is on the
merging lane for merging to a specific road. By executing
the program by the computer, the above merging support
device can be realized. This merging support program-
maybe handled in a manner stored in a storage medium.

EMBODIMENT

[0017] A Preferred embodiment of the present inven-
tion will be described below with reference to the attached
drawings.
[0018] FIG. 1 illustrates a schematic configuration of a
merging support device according to an embodiment of
the present invention. The merging support device 100
is installed in a vehicle, and includes a navigation device
1, a front image sensor 15F, a side image sensor 15S,
a rear image sensor 15R, a front radar 16F, a side radar
16S and a rear radar 16R. In the following description,
when it is not necessary to discriminate the position, the
front image sensor 15F, the side image sensor 15S and
the rear image sensor 15R will be referred to as "the
image sensor 15", and the front radar 16F, the side radar
16S and the rear radar 16R will be referred to as "the
radar 16s".
[0019] The image sensor 15 includes an imaging de-
vice such as a camera, and captures images around the
vehicle. As shown in FIG. 2, a pair of front image sensors
15F is mounted on the left and right positions of the front
part of the vehicle 4, and each of the front sensors 15F
captures the images of the range 17F. A pair of side im-
age sensors 15S is mounted on the left and right positions
of the side parts of the vehicle 4, and each of the side
sensors 15S captures the images of the range 17S. A
pair of rear image sensors 15R is mounted on the left
and right positions of the rear part of the vehicle 4, and
each of the rear sensors 15R captures the images of the
range 17R. The detection results of the image sensors
15 are supplied to the navigation device 1.
[0020] The radar 16 may be a millimeter wave radar
for example, and detects presence/absence of obstacles
around the vehicle, the distance to the obstacle and the
direction of the obstacle. As shown in FIG. 2, a pair of
front radars 16F is mounted on the left and right positions
of the front part of the vehicle 4, and each of the front
radars 16F detects the obstacles in the range 17F. A pair
of side radars 16S is mounted on the left and right posi-
tions of the side parts of the vehicle 4, and each of the
side radars 16S detects the obstacles in the range 17S.
A pair of rear radars 16R is mounted on the left and right
positions of the rear part of the vehicle 4, and each of the
rear radars 16R detects the obstacles in the range 17R.
The detection results of the radars 16 are supplied to the
navigation device 1.
[0021] FIG. 3 illustrates a configuration of the naviga-
tion device 1. As shown in FIG. 3, the navigation device
1 includes a stand-alone position measurement device
10, a GPS receiver 18, a system controller 20, a disc
drive 31, a data storage unit 36, a communication inter-
face 37, a communication device 38, a display unit 40, a
sound output unit 50 and an input device 60.
[0022] The stand-alone position measurement device
10 includes an acceleration sensor 11, an angular veloc-
ity sensor 12 and a distance sensor 13. The acceleration
sensor 11 includes a piezoelectric element, for example,
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and detects the acceleration degree of the vehicle and
outputs the acceleration data. The angular velocity sen-
sor 12 includes a vibration gyroscope, for example, and
detects the angular velocity of the vehicle at the time of
changing the direction of the vehicle and outputs the an-
gular velocity data and the relative direction data. The
distance sensor 13 measures vehicle speed pulses in-
cluding pulse signals generated by the wheel revolution
of the vehicle.
[0023] The GPS receiver 18 receives an electric wave
19 for transmitting downlink data including position meas-
urement data from plural GPS satellites. The position
measurement data is used for detecting the absolute po-
sition (hereinafter referred to as "a current position") of
the vehicle from longitude and latitude information.
[0024] The system controller 20 includes an interface
21, a CPU 22, a ROM (Read Only Memory) 23 and a
RAM (Random Access Memory) 24, and controls the en-
tire navigation device 1.
[0025] The interface 21 executes the interface opera-
tion with the acceleration sensor 11, the angular velocity
sensor 12, the distance sensor 13 and the GPS receiver
18. Then, the interface 21 inputs the vehicle speed pulse,
the acceleration data, the relative direction data, the an-
gular velocity data, the GPS measurement data and the
absolute direction data into the system controller 20. In
addition, the interface 21 executes the interface opera-
tion with the image sensors 15 and the radars 16, and
inputs the images captured by the image sensors 15 and
the detection signals generated by the radars 16 to the
systemcontroller 20.
[0026] The CPU 22 controls the entire system control-
ler 20. The ROM 23 includes a non-volatile memory (not
shown) in which a control program for controlling the sys-
tem controller 20 is stored. The RAM 24 readably stores
various kinds of data such as route data preset by the
user via the input device 60, and provides a working area
to the CPU 22.
[0027] The system controller 20, the disc drive 31 such
as a CD-ROM drive or a DVD-ROM drive, the data stor-
age unit 36, the communication interface 37, the display
unit 40, the sound output unit 50 and the input device 60
are connected with each other via a bus line 30.
[0028] Under the control of the system controller 20,
the disc drive 31 reads contents data such as sound data
and picture data from the disc 33 such as a CD and a
DVD to output the contents data.
[0029] The data storage unit 36 includes HDD, for ex-
ample, and stores various kinds of data used for a nav-
igation process such as map data. The communication
device 38 acquires vehicle information 39 managed by
an ECU (Electronic Control Unit) via an in-vehicle com-
munication network.
[0030] The display unit 40 displays various kinds of
display data on a display device such as a display under
the control of the systemcontroller20. Specifically,the-
system controller20reads the map data from the data
storage unit 36. The display unit 40 displays, on a display

screen such as a display, the map data read from the
data storage unit 36 by the system controller 20. The
display unit 40 includes a graphic controller 41 for con-
trolling the entire display unit 40 on the basis of the control
data transmitted from the CPU 22 via the bus line 30, a
buffer memory 42 for temporarily storing image informa-
tion having a memory such as a VRAM (Video RAM) and
immediately displayable, a display control unit 43 for con-
trolling a display 44 such as a liquid crystal and a CRT
(Cathode Ray Tube) on the basis of the image data out-
putted from the graphic controller 41, and the display 44.
The display 44 is formed by a liquid crystal display device
of the opposite angle 5-10 inches, and is mounted in the
vicinity of a front panel of the vehicle.
[0031] The sound output unit 50 includes a D/A con-
verter 51 for executing D/A conversion of the sound digital
data transmitted from the disc drive 31 or the RAM 24
via the bus line 30 under the control of the system con-
troller 20, an amplifier (AMP) 52 for amplifying an audio
analog signal outputted from the D/A converter 51, and
a speaker 53 for converting the amplified audio analog
signal into the sound and outputting it to the vehicle com-
partment.
[0032] The input device 60 includes keys, switches,
buttons, a remote controller and a speech input device,
which are used for inputting various kinds of commands
and data. The input device 60 is arranged in the vicinity
of a front panel of a main body and the display 44 of an
on-vehicle electric system installed in the vehicle. Addi-
tionally, in such a case that the display 44 is of a touch
panel system, a touch panel provided on the display
screen of the display 44 functions as the input device 60,
too.
[0033] In the above-described configuration, the CPU
22 functions as the current position acquiring means, the
presentation control means and the traffic congestion de-
termining means.

[Merging Support Method]

(Basic Merging Support Method)

[0034] The merging support method of the embodi-
ment is characterized by first setting a recommended
merging area (hereinafter referred to as "the merging
zone"), where it is recommended to start the merging
operation of the movable body to the main lane, near the
point where the merging lane ends, during traffic conges-
tion. FIGS. 4A and 4B are diagrams for explaining the
merging support method of the embodiment. Specifically,
FIG. 4A schematically illustrates the situation that a driv-
er’ s vehicle 4 is going to merge from the merging lane
to the main lane when the merging place is congested.
In the following description, "the merging place" indicates
an area on the main lane and the merging lane where
the merging lane is provided along the main lane and the
vehicle can change the lane. Also, "the recommended
merging area (the merging zone)" indicates the ending
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position of the merging lane in the merging place, i.e., an
area of a predetermined distance (length) from the end-
ing point of the merging lane.
[0035] In the example of FIG. 4A, plural vehicles 5 exist
ahead of the vehicle 4 on the merging lane. Also, the
main lane is congested, and plural vehicles 5 exist in line.
When the merging place is congested like this, if the plural
vehicles on the merging lane try to merge to the main
lane at different positions respectively, the merging op-
eration occurs at plural positions. As a result, smooth
merging becomes difficult, and the congestion of the
main lane may get worse.
[0036] In this view, the merging support device 100
sets the merging zone 7 of a predetermined distance at
the ending position of the merging lane, i.e., the point
near the ending point of the merging lane, and present
it to the driver to guide the driver to merge to the main
lane at the merging zone 7. Thereby, since the vehicles
running on the merging lane merge to the main lane, in
order, at the merging zone 7 which is the ending position
of the merging lane, the merging to the main lane be-
comes smooth and the congestion on the main lane does
not get worse.
[0037] Further, the merging support device 100 selects
the vehicle 5, which is presumed to exist on the main
lane at the position neighboring the driver’s vehicle 4
when the driver’s vehicle 4 enters the merging zone 7,
as a target vehicle 5T, and performs the merging guid-
ance utilizing the target vehicle 5T as a mark. Namely,
the merging support device 100 guides the driver to
merge to the main lane at the position behind the target
vehicle 5T when the driver’s vehicle 4 enters the merging
zone 7. Specifically, when the driver’s vehicle 4 is running
on the merging lane as shown in FIG. 4A, the merging
support device 100 selects the vehicle 5, which is existing
on the main lane and neighboring the driver’s vehicle 4,
as the target vehicle 5T. Then, when the driver’s vehicle
4 enters the merging zone 7 as shown in FIG. 4B, the
merging support device 100 guides the driver to merge
to the main lane at the position behind the target vehicle
5T. Thus, it becomes possible to minimize the influence
that the driver’s vehicle 4 gives to the vehicle flow on the
main lane at the time of merging.
[0038] Further, the merging support device 100 chang-
es the target vehicle 5T as necessary until the driver’s
vehicle 4 enters the merging zone 7. Namely, if the
speeds of the vehicle flow on the merging lane and the
main lane are different and it is presumed that the current
target vehicle 5T will move away from the driver’ s vehicle
4 when the driver’s vehicle 4 actually enters the merging
zone 7, the merging support device 100 changes to the
target vehicle 5T to one other vehicle ahead of or behind
the current target vehicle 5T. Thereby, it becomes pos-
sible to perform the merging guidance using the target
vehicle 5T of the appropriate position as the target when
the driver’s vehicle 4 actually enters the merging zone 7.

(Merging Support Processing)

[0039] Next, merging support processing according to
the embodiment will be described in detail. FIG. 5 is a
flowchart of the merging support processing. This merg-
ing support processing is achieved by the CPU 22 of the
navigation device 1 constituting the merging support de-
vice 100 which executes program prepared in advance.
[0040] In FIG. 5, first the navigation device 1 confirms
the road situation in the travelling direction (step S10).
Specifically, the navigation device 1 acquires information
such as a current position of the vehicle, a speed of the
vehicle, map data, traffic information, a speed of the ve-
hicle running ahead captured by the front image sensor
15F and the front radar 16F, and road signs (signboard).
[0041] Next, the navigation device 1 determines
whether or not the road on which the driver’s vehicle 4
is running is congested, based on the speed of the vehi-
cle, the traffic information, the images captured by the
front image sensor 15F and the result of detecting the
obstacles by the front radar 16F (step S11). When the
running road is not congested (step S11: No), the navi-
gation device ends the processing.
[0042] Meanwhile, when the running road is congested
(step S11: Yes), the navigation device 1 determines
whether or not the lane the driver’s vehicle 4 is currently
running is going to reduce, i.e., the lane currently running
is the merging lane (step S12). When the lane is not going
to reduce (step S12 : No), the lane currently running is
not the merging lane, and the navigation device 1 ends
the processing.
[0043] Meanwhile, when the lane is going to reduce
(step S12: Yes), it means that the driver’s vehicle 4 is
running on the merging lane. Therefore, the navigation
device 1 sets the merging zone 7, and presents it to the
driver (step S13). Specifically, the navigation device 1
sets the area of the predetermined distance (length) from
the ending position of the currently running merging lane
to the merging zone 7. Basically, the length of the merging
zone 7 maybe determined in advance as the distance
that is necessary for one vehicle of regular size to merge
to the main lane. Further, the flow of the vehicles on the
merging lane, i.e., the speed of the vehicles running on
the merging lane may be estimated based on the speed
of the driver’ s vehicle 4, and the length of the merging
zone 7 may be changed in accordance with the estimated
speed. For example, the merging zone 7 may be long
when the vehicle flow on the merging lane is fast, and
the merging zone may be short when the vehicle flow on
the merging lane is slow.
[0044] Then, the navigation device 1 presents the
merging zone 7 to the driver by coloring the merging zone
7 on the map displayed on the display 44 and/or output-
ting the distance from the current position of the driver’s
vehicle 4 to the merging zone 7 by sound of voice. For
example, the navigation device 1 outputs the voice an-
nouncement "Merge at the merging zone 100m ahead!".
[0045] In this way, by setting the merging zone 7 and
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prompts the driver to merge at the merging zone 7, it is
possible to create the situation that plural vehicles on the
merging lane merge to the main lane within the merging
zone 7 in order, thereby preventing the congestion at the
merging place from getting worse.
[0046] When the merging zone 7 is set in this way, next
the navigation device 1 selects the target vehicle 5T (step
S14). FIG. 6 illustrates a flowchart of target vehicle se-
lection processing.
[0047] First, the navigation device 1 determines wheth-
er or not there is a vehicle neighboring the driver’s vehicle
4 on the main lane based on the outputs from the side
image sensor 15S and the side radar 16S (step S30).
When there is no vehicle (step S30: No), the process
goes to step S34. When there is a vehicle (step S30:
Yes), the navigation device 1 determines whether or not
the main lane includes two or more lanes based on the
map data (step S31).
[0048] When the main lane does not include two or
more lanes (step S31:No), the main lane includes one
lane and there is a vehicle neighboring the driver’s vehicle
4 on the main lane, and therefore the navigation device
1 selects the vehicle detected in step S30 as the target
vehicle 5T (step S33). If plural vehicles are detected in
step S30, the navigation device 1 selects the vehicle
nearest to the driver’s vehicle 4 as the target vehicle 5T.
[0049] Meanwhile, when the main lane include two or
more lanes (step S31: Yes), the navigation device 1 de-
termines whether or not the distance from the driver’s
vehicle 4 to the neighboring vehicle detected in step S30
is equal to or larger than one lane (step S32). When the
distance to the detected vehicle is not equal to or larger
than one lane (step S32: No), the detected vehicle is on
the neighboring lane, and the navigation device 1 selects
the detected vehicle as the target vehicle 5T (step S33).
[0050] Meanwhile, when the distance to the detected
vehicle is equal to or larger than one lane (step S32: Yes),
the detected vehicle is not on the neighboring lane to
which the driver’ s vehicle 4 is going to merge. Therefore,
the navigation device 1 does not select the detected ve-
hicle as the target vehicle 5T, and the process goes to
step S34.
[0051] In step S34, the navigation device 1 determines
whether or not there are foregoing vehicles on the neigh-
boring lane based on the outputs of the front image sen-
sor 15F and the forward radar 16F. When there are fore-
going vehicles on the neighboring lane (step S34 : Yes),
the navigation device 1 selects the nearest vehicle of the
detected foregoing vehicles as the target vehicle 5T (step
S35).
[0052] Meanwhile, when there is no foregoing vehicle
on the neighboring lane (step S34 : No), the navigation
device 1 determines whether or not there are following
vehicles on the neighboring lane (step S36). When there
are following vehicles on the neighboring lane (step S36:
Yes), the navigation device selects the nearest vehicle
of the detected following vehicle as the target vehicle 5T
(step S37).

[0053] Meanwhile, when there is no following vehicle
on the neighboring lane (step S36: No), there is no vehicle
on the neighboring lane. Therefore, the navigation device
1 determines whether or not the driver’s vehicle 4 enters
the merging zone 7 (step S38). When the driver’s vehicle
4 does not enter the merging zone yet (step S38: No),
the process returns to step S30, and the navigation de-
vice 1 repeats the process of steps S30 to S37 for search-
ing the target vehicle 5T until the driver’s vehicle 4 enters
the merging zone 7. Meanwhile, when the driver’s vehicle
4 enters the merging zone 7 (step S38: Yes), the navi-
gation device 1 guides the driver to output the turn signal
(step S39), checks the backward direction by the rear
image sensor 15R and the rear radar 16R (step S40),
and instructs the driver to merge (step S41). Thus, the
driver performs merging, and the merging support
processing ends. In this case, the target vehicle 5T is not
selected, and the navigation device 1 performs the merg-
ing support without using the target vehicle 5T.
[0054] When the target vehicle 5T is selected in steps
S33, S35 or S37, the process returns to the main routine
shown in FIG. 5, and goes to step S15. In step S15, the
navigation device 1 detects the distance and the speed
difference between the driver’s vehicle 4 and the target
vehicle 5T by the image sensor 15 and the radar 16).
Specifically, the navigation device 1 can detect the dis-
tance between the driver’s vehicle 4 and the target vehi-
cle 5T by the radar 16. Also, the navigation device 1 can
detects the speed difference between the driver’s vehicle
4 and the target vehicle 5T by detecting the change of
the relative positional relation between the driver’s vehi-
cle 4 and the target vehicle 5T by the image sensor 15
and the radar 16.
[0055] After determining the target vehicle 5T, the nav-
igation device 1 can track the target vehicle 5T by de-
tecting the color of the target vehicle 5T based on the
output of the image sensor 15 and detecting the change
of the distance to the target vehicle 5T based on the out-
put of the radar 16. For example, the navigation device
1 can determine that the target vehicle 5T has gone away
if the flow of the neighboring lane suddenly becomes fast
and a vehicle of the color different from that of the target
vehicle 5T comes out next to the driver’s vehicle 4, or if
the distance to the target vehicle 5T becomes far and
other nearer vehicle is detected.
[0056] Next, the navigation device 1 determines
whether or not the current target vehicle 5T coincides
with the target vehicle 5T when the driver’s vehicle 4 en-
ters the merging zone 7 (hereinafter referred to as "the
final target vehicle") based on the distance and the speed
difference between the driver’s vehicle 4 and the target
vehicle 5T (step S16).
[0057] In one method for this determination, the navi-
gation device 1 calculates an expected distance between
the driver’s vehicle 4 and the target vehicle 5 when the
driver’s vehicle 4 enters the merging zone 7 based on
the distance and the speed difference between the driv-
er’s vehicle 4 and the target vehicle 5T, and predicts
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whether or not there exists other vehicle nearer than the
expected distance. Then, the navigation device 1 deter-
mines that the current target vehicle 5T does not coincide
with the final target vehicle when it is predicted that there
exists other vehicle nearer than the expected distance,
and determines that the current target vehicle 5T coin-
cides with the final target vehicle when it is predicted that
there exists no vehicle nearer than the expected dis-
tance.
[0058] In another method, the navigation device 1 cal-
culates an expected distance between the driver’s vehi-
cle 4 and the target vehicle 5T when the driver’s vehicle
4 enters the merging zone 7, and determines that the
current target vehicle 5T does not coincide with the final
target vehicle if the expected distance is longer than a
predetermined distance. Since the merging support
processing according to the embodiment is executed
when the merging place is congested, there may exist
other vehicles in front of and behind the current target
vehicle 5T with a normal inter-vehicle distance. There-
fore, if the expected distance becomes equal to or larger
than the distance of a single average vehicle, the navi-
gation device 1 may presume that the vehicle in front of
or behind the current target vehicle 5T becomes nearer
to the driver’ s vehicle 4 than the current target vehicle
5T, and may determine that the current target vehicle 5T
does not coincide with the final target vehicle.
[0059] When it is determined that the current target
vehicle 5T does not coincide with the final target vehicle
(step S16: No), the navigation device 1 executes the tar-
get vehicle changing processing (step S17). The target
vehicle changing processing will be specifically de-
scribed later. Meanwhile, when it is determined that the
current target vehicle 5T coincides with the final target
vehicle (step s16: Yes), it is assumed that the current
target vehicle 5T will be an appropriate target vehicle 5T
even when the driver’ s vehicle 4 enters the merging zone
7. Therefore, the navigation device 1 determines whether
or not the driver’s vehicle 4 has entered the merging zone
7 (step S18). When the driver’s vehicle 4 has not entered
the merging zone 7 (step S18: No), the process returns
to step S15. Then, until the driver’s vehicle 4 enters the
merging zone 7, steps S15 to S17 are repeated to change
the target vehicle 5T as necessary.
[0060] Meanwhile, when the driver’s vehicle 4 has en-
tered the merging zone 7 (step S18: Yes), the navigation
device 1 determines whether or not the target vehicle 5T
at that time (which will be the final target vehicle) exists
at the side of the driver’s vehicle 4 or ahead of the driver’s
vehicle 4 on the neighboring lane (step S19).
[0061] When the target vehicle 5T does not exist at the
side of the driver’s vehicle 4 or ahead of the driver’s ve-
hicle on the neighboring lane (step S19: No), the target
vehicle 5T exists behind the driver’s vehicle 4, and hence
the navigation device 1 instructs the driver to decelerate
the driver’s vehicle 4 (step S20). Thus, the navigation
device 1 performs the guidance such that the driver’s
vehicle 4 can merge behind the target vehicle 5T. Then,

the process returns to step S19.
[0062] When the target vehicle 5T exists at the side of
the driver’ s vehicle 4 or ahead of the driver’s vehicle 4
on the neighboring lane (step S19: Yes), the navigation
device 1 guides the driver to output the turn signal to start
the merging operation (step S21). Then, the navigation
device 1 confirms that there is a predetermined space
behind the target vehicle 5T, i. e., the vehicle immediately
behind the target vehicle 5T has created a space from
the target vehicle 5T to allow the merging of the driver’s
vehicle 4 in response to the output of the turn signal by
the driver’s vehicle 4 (step S22), and instructs the driver
to merge (step S23) . In response, the driver merges the
driver’s vehicle 4 to the main lane. Thus, the merging
support processing ends.
[0063] In this way, according to the embodiment, by
setting the target vehicle 5T and instructing the merging
with using the target vehicle 5T as the target, it is possible
to clearly notify the driver of the merging timing. Also, by
letting the driver’s vehicle 4 merge behind the target ve-
hicle 5T, the vehicle flow on the main lane can be prior-
itized, and it is possible to prevent the traffic congestion
at the merging place from getting worse.
[0064] Next, the target vehicle changing processing in
step S17 will be described. FIGS. 7 and 8 are flowcharts
of the target vehicle changing processing. In FIG. 7, first
the navigation device 1 determines whether or not the
target vehicle 5T has changed the lane based on the
outputs from the image sensor 15 and the radar 16 (step
S50). For example, when the distance to the target ve-
hicle 5T becomes equal to or larger than one lane, the
navigation device 1 can determine that the target vehicle
5T has changed the lane.
[0065] When the target vehicle 5T has not changed
the lane (step S50: No), the navigation device 1 deter-
mines whether or not the vehicle presumed to be neigh-
boring the driver’s vehicle 4 when the driver’s vehicle 4
enters the merging zone 7 (hereinafter referred to as "pre-
sumed vehicle") is present on the main lane, based on
the outputs of the image sensor 15 and the radar 16 (step
S51). When the presumed vehicle is present on the main
lane (step S51: Yes), the navigation device 1 changes
the target vehicle 5T to the presumed vehicle (step S52).
Then, the process returns to the main routine of FIG. 5.
[0066] Meanwhile, when the presumed vehicle is not
present on the main lane (step S51: No), the navigation
device 1 determines whether or not there is a vehicle
between the current target vehicle 5T and the side posi-
tion of the driver’ s vehicle 4 when the driver’ s vehicle 4
enters the merging zone 7 (step S53). When there is a
vehicle between the current target vehicle 5T and the
side position of the driver’s vehicle 4 when the driver’s
vehicle 4 enters the merging zone 7 (step S53), the nav-
igation device 1 determines whether or not there are a
plurality of such vehicles (step S54). When there are not
a plurality of such vehicles (step S54: No), i.e., such a
vehicle is only one, the navigation device 1 changes the
target vehicle 5T to that one vehicle. Then, the process
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returns to the main routine of FIG. 5.
[0067] Meanwhile, when there are a plurality of such
vehicle (step S54: Yes), the navigation device 1 changes
the target vehicle 5T to the vehicle, out of those plurality
of vehicles, nearest to the side position of the driver’s
vehicle 4 when the driver’s vehicle 4 enters the merging
zone 7 (step S56). Then, the process returns to the main
routine of FIG. 5.
[0068] When there is no vehicle between the current
target vehicle 5T and the side position of the driver’ s
vehicle 4 when the driver’ s vehicle 4 enters the merging
zone 7 (step S53: No), the navigation device 1 does not
change the target vehicle 5T (step S57). Then, the proc-
ess returns to the main routine of FIG. 5.
[0069] In step S50, when the target vehicle has
changed the lane (step S50: Yes), the navigation device
1 changes the target vehicle basically by the same meth-
od as the target vehicle changing processing shown in
FIG. 6. Namely, in FIG. 8, first the navigation device 1
determines whether or not there is a vehicle neighboring
the driver’s vehicle 4 (step S61), and when there is a
vehicle (step S61: Yes), the navigation device 1 changes
the target vehicle 5T to the neighboring vehicle (step
S62). Then, the process returns to the main routine of
FIG. 5.
[0070] When there is no vehicle neighboring the driv-
er’s vehicle 4 (step S61: No), the navigation device 1
determines whether or not there is a foregoing vehicle
on the neighboring lane (step S63), and when there is a
vehicle (step S63: Yes), the navigation device 1 changes
the target vehicle 5T to the foregoing vehicle (step S64).
Then, the process returns to the main routine of FIG. 5.
[0071] When there is no foregoing vehicle on the neigh-
boring lane (step S63: No), the navigation device 1 de-
termines whether or not there is a following vehicle on
the neighboring lane (step S65), and when there is a
vehicle (step S65: Yes), the navigation device 1 changes
the target vehicle 5T to the following vehicle on the neigh-
boring lane (step S66). Then, the process returns to the
main routine of FIG. 5.
[0072] When there is no following vehicle on the neigh-
boring lane (step S65: No), the navigation device 1 de-
termines whether or not the driver’s vehicle 4 has entered
the merging zone 7 (step S67) . When the driver’s vehicle
4 has not entered the merging zone 7 (step S67: No),
the process returns to step S61, and steps S61 to S66
for searching the target vehicle are repeated until the
driver’s vehicle 4 enters the merging zone 7.
[0073] Meanwhile, when the driver’s vehicle 4 has en-
tered the merging zone 7 (step S67: Yes), it means that
the target vehicle 5T that has been set moved to another
lane by and there is no alterative vehicle to become the
target vehicle on the neighboring lane after that. There-
fore, the navigation device 1 performs the merging guid-
ance without using the target vehicle 5T. Specifically, the
navigation device 1 guides the driver to output the turn
signal (step S68), checks the backward direction by the
rear image sensor 15R and the rear radar 16R (step S69),

and instructs the driver to merge (step S70). In response,
the driver merges to the main lane, and the merging sup-
port processing ends.
[0074] As described above, in the embodiment, once
the target vehicle 5T is set, the target vehicle 5T is
changed according to the flow of the driver’s vehicle 4
and the vehicles on the main lane until the driver’s vehicle
4 actually enters the merging zone 7. Thereby, the driv-
er’s vehicle 4 can merge behind the appropriate target
vehicle 5T.

(Example of Changing Target Vehicle)

[0075] Next, the description will be given of examples
of changing the target vehicle by the above-described
target vehicle changing processing. FIGS. 9A to 9C show
an example of changing the target vehicle when the driv-
er’s vehicle 4 is faster than the target vehicle 5T. As
shown in FIG. 9A, it is now assumed that the driver’s
vehicle 4 enters the merging lane and the vehicle 5d
neighboring the driver’ s vehicle 4 on the main lane is set
to the target vehicle 5T.
[0076] The navigation device 1 calculates the distance
and the speed difference between the driver’s vehicle 4
and the target vehicle 5T by the image sensor 15 and
the radar 16. Also, the navigation device 1 calculates an
estimated required time for the driver’s vehicle 4 to enter
the merging zone 7 and an estimated required time for
the target vehicle 5T to enter the merging zone 7 based
on the current position and speed of the driver’s vehicle
4 and the distance to the merging zone 7. Now, it is es-
timated that the driver’s vehicle 4 will enter the merging
zone 7 in five seconds and the target vehicle 5T will reach
the side of the merging zone 7 in ten seconds. In this
case, the navigation device 1 regards the speed of the
current target vehicle 5T as the speed of the vehicle flow
on the main lane, and determines the vehicle 5c preced-
ing the current target vehicle 5T (5d) by 5 seconds as
the new target vehicle 5T as shown in FIG. 9B. Namely,
the navigation device 1 changes the target vehicle 5T
from the vehicle 5d to the vehicle 5c.
[0077] Thereafter, since the new target vehicle 5T (5c)
is neighboring the driver’s vehicle 4 on the main lane as
shown in FIG. 9C, the navigation device 1 performs the
guidance to merge behind the target vehicle 5T (5c).
[0078] In the above-described example, if there is no
vehicle at the position five seconds preceding the current
target vehicle 5T, the navigation device 1 determines, as
the new target vehicle 5T, the vehicle that exists between
the current target vehicle 5T and the position five seconds
preceding the current target vehicle 5T and that is nearer
to the position five seconds preceding the current target
vehicle 5T. Also, if there is no vehicle between the current
target vehicle 5T and the position five seconds preceding
the current target vehicle 5T, the navigation device 1 does
not change the target vehicle 5T and continues to use
the current target vehicle 5T.
[0079] FIGS. 10A to 10C show the example of chang-
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ing the target vehicle when the driver’s vehicle 4 is slower
than the target vehicle 5T. As shown in FIG. 10A, it is
now assumed that the driver’s vehicle 4 enters the merg-
ing lane 7 and the vehicle 5c neighboring the driver’ s
vehicle 4 on the main lane is set to the target vehicle 5T.
[0080] Similarly to the case of FIGS. 9A to 9C, the nav-
igation device 1 calculates an estimated required time
for the driver’s vehicle 4 to enter the merging zone 7 and
an estimated required time for the target vehicle 5T to
enter the merging zone 7. Now, it is estimated that the
driver’s vehicle 4 will enter the merging zone 7 in ten
seconds and the target vehicle 5T will reach the side of
the merging zone 7 in five seconds. In this case, the nav-
igation device 1 regards the speed of the current target
vehicle 5T as the speed of the vehicle flow on the main
lane, and determines the vehicle 5dbehind the current
target vehicle 5T (5c) by 5 seconds as the new target
vehicle 5T as shown in FIG. 10B. Namely, the navigation
device 1 changes the target vehicle 5T from the vehicle
5c to the vehicle 5d.
[0081] Thereafter, since the new target vehicle 5T (5d)
is neighboring the driver’s vehicle 4 on the main lane as
shown in FIG. 10C, the navigation device 1 performs the
guidance to merge behind the target vehicle 5T (5d).
[0082] In the above-described example, if there is no
vehicle at the position five seconds behind the current
target vehicle 5T, the navigation device 1 determines, as
the new target vehicle 5T, the vehicle that exists between
the current target vehicle 5T and the position five seconds
behind the current target vehicle 5T and that is nearer to
the position five seconds behind the current target vehicle
5T. Also, if there is no vehicle between the current target
vehicle 5T and the position five seconds behind the cur-
rent target vehicle 5T, the navigation device 1 does not
change the target vehicle 5T and continues to use the
current target vehicle 5T.

[Modified Examples]

[0083] In the above-described embodiment, the merg-
ing support device 100 presents the merging zone 7 when
the merging lane is congested. However, the merging
support device may also present the merging zone 7
when the merging lane is not congested.
[0084] In the above-described embodiment, the merg-
ing support device 100 is constituted by the on-vehicle
navigation device 1. However, the present invention may
be applied to the case where the navigation device is
constituted by a portable terminal such as a smartphone
which executes navigation application.

INDUSTRIAL APPLICABILITY

[0085] This invention can be used for an on-vehicle
navigation device, and a navigation device of a portable
terminal such as a smartphone.

BRIEF DESCRIPTION OF REFERENCE NUMBERS

[0086]

1 Navigation device
4 Driver’s vehicle
5, 5a to 5e Vehicle
5T Target vehicle
7 Merging zone
15 Image sensor
16 Radar
20 System controller

Claims

1. A merging support device comprising:

a current position acquiring means which ac-
quires a current position of a movable body; and
a presentation control means which performs
control of presenting a recommended merging
area on a merging lane where merging is rec-
ommended, when the current position is on the
merging lane for merging to a specific road.

2. The merging support device according to claim 1,
wherein the presentation control means determines
an area of a predetermined distance from an ending
position of the merging lane as the recommended
merging area.

3. The merging support device according to claim 1 or
2,
wherein the presentation control means performs
control of presenting information prompting to start
merging operation when the current position is in the
recommended merging area.

4. The merging support device according to any one of
claims 1 to 3, further comprising a traffic congestion
determining means which determines whether or not
the merging lane is congested,
wherein the presentation control means performs
control of presenting the recommended merging ar-
ea when the merging lane is determined to be con-
gested.

5. The merging support device according to any one of
claims 1 to 4, further comprising a designating unit
which designates one other movable body running
on the specific road as a target movable body,
wherein the presentation control means performs
control of presenting the information prompting to
start the merging operation to merge behind the tar-
get movable body when the target movable body has
been designated and the current position is in the
recommended merging area.

15 16 



EP 3 113 151 A1

11

5

10

15

20

25

30

35

40

45

50

55

6. A merging support method executed by a merging
support device comprising:

a current position acquiring process which ac-
quires a current position of a movable body; and
a presenting process which which performs con-
trol of presenting a recommended merging area
on a merging lane where merging is recom-
mended, when the current position is on the
merging lane for merging to a specific road.

7. A merging support program executed by a merging
support device including a computer, the program
making the computer to function as:

a current position acquiring means which ac-
quires a current position of a movable body; and
a presentation control means which performs
control of presenting a recommended merging
area on a merging lane where merging is rec-
ommended, when the current position is on the
merging lane for merging to a specific road.

8. A storage medium on which the merging support pro-
gram according to claim 7 is stored.
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