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CONVOY TRAVEL APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is based on and claims the
benefit of priority of Japanese Patent Application No. 2011-
211069, filed on Sep. 27, 2011, the disclosure of which is
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to a convoy
travel apparatus that enables a convoy travel of vehicles,
specifically, without using a vehicle ID.

BACKGROUND

[0003] In a convoy travel of vehicles, in which vehicles
form a convoy by exchanging information through vehicle-
to-vehicle communication, a second vehicle and subsequent
vehicles in the convoy follow a leader vehicle of the convoy
which travels at the forward most position in the convoy.
Further, the other vehicles in the convoy should quickly
respond to the change of behavior of the subject vehicle.
Therefore, all vehicles in the convoy regularly at short inter-
vals transmit information required for the other vehicles such
as a current position of the vehicle and the like (i.e., convoy
travel information, hereinafter). Further, in a pre-convoy
stage before organizing a convoy, vehicles may also transmit
the convoy travel information regularly, so that a convoy of
vehicles can easily/readily be organized with other vehicles.
[0004] Inthe convoy travel information, the current vehicle
position of the information transmitting vehicle is included.
However, a convoy of vehicles may be organized with many
vehicles traveling in a relatively small area and the current
position of the vehicle may include errors. Therefore, it may
be difficult to accurately identify the vehicle that has trans-
mitted the convoy travel information, based only on the cur-
rent vehicle position. For overcoming such difficulty, a tech-
nique disclosed, in Japanese Patent Laid-Open No. 2009-
239585 uses a sender vehicle ID included in the convoy travel
information, clearly identifying the sender vehicle.

[0005] However, if the vehicle ID is included in the infor-
mation and such information is transmitted, it may be a
breach of security and/or privacy of the vehicle that transmit-
ted the information, and may allow other entities to identify
personal information, such as, who owns the vehicle.

SUMMARY

[0006] In an aspect of the present disclosure, the convoy
travel apparatus includes: a subject vehicle position measure-
ment unit for regularly having a measurement of satellite
positioning coordinates of a subject vehicle. Further the appa-
ratus includes a wireless communication unit for regularly
transmitting convoy travel information of the subject vehicle
and for regularly receiving from other vehicles the convoy
travel information of the other vehicle which is also regularly
transmitted. The convoy travel information includes travel
locus information and information of the latest satellite posi-
tioning coordinates of the subject vehicle, and the travel locus
information is either (a) a predetermined number of latest
measurements of the satellite positioning coordinates of the
subject vehicle measured by the subject vehicle position mea-
surement unit or (b) a travel locus defined by the predeter-
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mined number of latest measurements of the satellite posi-
tioning coordinates of the subject vehicle.

[0007] Further, the convoy travel apparatus further includes
a convoy travel control unit for performing convoy travel
control of the subject vehicle based on the convoy travel
information of the other vehicles received by the wireless
communication unit, and also includes a sender vehicle iden-
tification unit. The sender vehicle identification unit identifies
a sender vehicle transmitting a convoy travel information
currently received from the other vehicles. The sender vehicle
identification unit identifies a sender vehicle based on a com-
parison between the travel locus information included in the
convoy travel information currently received and travel locus
information previously received. The convoy travel control
unit determines, based on the sender vehicle identified by the
sender vehicle identification unit, the convoy travel informa-
tion that is received from a forward vehicle to be followed by
the subject vehicle, and performs the convoy travel control
based on the determined convoy travel information.

[0008] Inthe present disclosure, the convoy travel informa-
tion to be transmitted to the surrounding vehicles not only
includes the current measurement of the satellite positioning
coordinates but also includes the travel locus information,
thereby enabling a vehicle receiving such convoy travel infor-
mation to identify the sender vehicle transmitting the convoy
travel information, based on a comparison between the travel
locus information included in the convoy travel information
and the travel locus information previously received. Further,
based on the identification of the sender vehicle identified in
the above-described manner, the convoy travel information
from the to-be-followed vehicle is identified from among
many sets of convoy travel information received from many
surrounding vehicles, and such identified information is used
to perform the convoy travel control. As a result, the convoy
travel control is enabled without transmitting the vehicle ID.
[0009] The method for more practically comparing two or
more travel locus information may be realized by the com-
parison between two travel loci. That is, the sender vehicle
identification unit may perform a comparison of the travel
locus information by comparing a current travel locus that is
determined based on the travel locus information included in
the current convoy travel information received from the other
vehicles with a “past” travel locus that is determined based on
the travel locus information previously received.

[0010] Further, when the travel locus information is made
up from the predetermined number of measurements of the
GPS positioning coordinates including the latest measure-
ment, the comparison of the travel locus information may be
performed as a direct coordinate comparison, between two
sets of predetermined number of measurements of the GPS
positioning coordinates, that is, for example, a comparison
between two travel loci having four measurements (i.e.,
points) received just recently and received in the past.
[0011] When the subject vehicle is traveling in a convoy, or
when the subject vehicle is approaching a convoy to join it,
the subject vehicle may receive the convoy travel information
from many vehicles. Even in such situation, based on the
identification result of the sender vehicle by the sender
vehicle identification unit, the convoy travel information
from a forward vehicle that will be directly followed by the
subject vehicle can be identified. That is, the convoy travel
control unit identifies the convoy travel information transmit-
ted by a forward vehicle that is directly followed by the
subject vehicle based on an identification result of the sender
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vehicle by the sender vehicle identification unit, and performs
the convoy travel control based on the identified convoy travel
information.

[0012] Further, the convoy travel control unit controls the
wireless communication unit to transmit the convoy travel
information including a follower notice indicating a start of a
following travel of the subject vehicle when the subject
vehicle starts to perform the following travel to follow the
forward vehicle.

[0013] Further, when the subject vehicle receives the con-
voy travel information including the follower notice while the
subject vehicle is not in the convoy, it is determined that the
subject vehicle has become a leader of the convoy and a
variable convoy ID, which is different at every generation
time, is generated, and the convoy travel information includ-
ing the variable convoy ID is transmitted while the subject
vehicle is leading the convoy.

[0014] The convoy ID generated in the above-described
manner will be different each time it is generated, thereby
preferably improving the security of the convoy ID.

[0015] Further, when the subject vehicle is a leader of a
convoy, the subject vehicle transmits, from the wireless com-
munication unit, the convoy travel information including the
maximum allowable number of vehicles in the convoy and a
currently-included number of vehicles in the convoy. On the
other hand, when the subject vehicle in a non-convoy travel-
ing state receives the convoy travel information including the
maximum allowable number of vehicles and the currently-
included number of vehicles, the convoy travel control unit
determines whether the subject vehicle can join the convoy
based on the received convoy travel information including the
maximum allowable number of vehicles and the currently-
included number of vehicles. In such manner, a vehicle cur-
rently not in a convoy can easily determine whether it can join
the convoy.

[0016] Further, after determining that the subject vehicle
can join the convoy, the convoy travel control unit identifies
the convoy travel information from a vehicle having been
traveling at a rear end position of the convoy based on an
identification result of the sender vehicle by the sender
vehicle identification unit, and performs a following travel
control for following the rear end position vehicle based on
the convoy travel information identified. Further, it transmits
the convoy travel information including the follower notice.
Then, when the convoy travel information received by the
wireless communication unit includes the follower notice
while the subject vehicle is the leader of the convoy, the
convoy travel control unit increases by one the currently-
included number of vehicles.

[0017] As described above, the currently-included number
to be included in the convoy travel information may be cor-
rectly counted, by transmitting the follower notice from the
joining vehicle and by incrementing the number upon receiv-
ing the notice.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Other objects, features and advantages of the
present disclosure will become more apparent from the fol-
lowing detailed description disposed with reference to the
accompanying drawings, in which:

[0019] FIG. 1 is a block diagram of an in-vehicle convoy
travel system of the present disclosure;

[0020] FIG. 2 is a state transition diagram of convoy travel
control;
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[0021] FIG. 3 is a flowchart of a process performed in an
initial state (State A) by the in-vehicle convoy travel system;
[0022] FIG. 4 is an illustration of a comparison method of
travel loci of two vehicles;

[0023] FIG. 5 is a flowchart of a process performed in a
convoy ready state (State B) by the in-vehicle convoy travel
system,

[0024] FIG. 6 is a flowchart of a process performed in a
convoy enabling state (State C) by the in-vehicle convoy
travel system;

[0025] FIG. 7 is a flowchart of a process performed in a
convoy travel state (State D) by the in-vehicle convoy travel
system; and

[0026] FIG. 8 is an illustration of a formation of a convoy.

DETAILED DESCRIPTION

[0027] The present disclosure is described in the following
with reference to the drawings.

[0028] FIG. 1 is a block diagram of an in-vehicle convoy
travel system 1 including a convoy travel apparatus 10. The
in-vehicle convoy travel system 1 is disposed in a subject
vehicle, and where multiple vehicles each having the in-
vehicle convoy travel system 1 organize a convey of travel
vehicles with the in-vehicle convoy travel system 1 (i.e., a
travel of many vehicles organized as a convoy).

[0029] In addition to the convoy travel apparatus 10, the
in-vehicle convoy travel system 1 includes a laser radar 20, a
position detector 30, a brake ECU 40, an engine ECU 50, and
an EPS_ECU 60, which are communicably coupled via a
local area network (LAN) 70 based on a communication
protocol such as a Controller Area Network (CAN).

[0030] The convoy travel apparatus 10 includes a wireless
communication unit 11 and a control unit 12. The wireless
communication unit 11 has a transmission and reception
antenna (not illustrated), and, for example, wirelessly per-
forms a vehicle-to-vehicle communication in a communica-
tion range of, for example, several hundred meters around the
subject vehicle. Further, the electric wave used by the wire-
less communication unit 11 may be in a 700 MHz band.
However, the wireless communication unit 11 may use other
frequency bands such as 5.9 GHz. Further, information from
the subject vehicle is broadcasted through a unidirectional
communication (i.e., one-way communication).

[0031] The control unit 12 includes a well-known CPU and
memories, such as ROM, RAM, EEPROM, as well as an
input/output and a bus line (not illustrated) to coupled the
components of the control unit 12. The control unit 12 per-
forms a convoy travel control by controlling the brake ECU
40, the engine ECU 50, and the EPS_ECU 60, based on
information acquired from other vehicles through the wire-
less communication unit 11 and based on information
acquired from the laser radar 20, the position detector 30, the
brake ECU 40, the engine ECU 50, and the EPS_ECU 60 via
the in-vehicle LAN 70 of the subject vehicle.

[0032] The convoy travel control performed by the control
unit 12 may be referred to as a convoy travel control unit in
claims.

[0033] Further, the control unit 12 functions as a commu-
nication controller by controlling transmission and reception
of information transmitted and received by the wireless com-
munication unit 11. Under control of the control unit 12, the
wireless communication unit 11 transmits convoy travel
information, i.e., information of the subject vehicle, which is
used respectively by other vehicles in the convoy for the
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convoy travel control of the vehicles. Furthermore, the con-
trol unit 12 performs a process that identifies a sender of the
convoy travel information received by the wireless commu-
nication unit 11. Details of such process by the control unit 12
are described later. The control unit 12 may be referred to as
a sender vehicle identification unit in claims.

[0034] The laser radar 20 is installed on a front end of the
vehicle, and scans a front object in front of the vehicle by
emitting a laser beam in a comparatively small predetermined
angle range. The front object is detected based on an intensity
of a reflection beam from the object above a predetermined
level. Further, based on the emission direction of the laser
beam, a relative direction of the front object is detected, and,
based on the time between the emission and the reception of
the laser beam, the distance to the front object is also detected.
Further, the laser radar 20 performs a determination whether
the front object is a forward vehicle that travels right in front
of the subject vehicle (i.e., immediately ahead of the subject
vehicle). Therefore, the laser radar 20 can regularly measure
a distance from the subject vehicle to the forward vehicle.
Further, the laser radar 20 may be replaced with a millimeter
wave radar. Further, the control unit 12, instead of the radar
20, may perform a determination whether or not the front
object is a leader vehicle.

[0035] The position detector 30 includes a Global Position-
ing System (GPS) receiver receiving the electric wave from a
satellite of GPS, and regularly detects coordinates (i.e., GPS
positioning coordinates hereinafter) of a position of the sub-
ject vehicle based on the electric wave received by the GPS
receiver. The position detector 30 may be referred to as a
subject vehicle position measurement unit in claims, and the
GPS positioning coordinates may be referred to as satellite
positioning coordinates in claims.

[0036] The brake ECU 40 uses a microcomputer as its main
component, which includes CPU, ROM, RAM, backup RAM
and the like, and acquires, for example, a signal indicating a
vehicle speed, a forward/backward acceleration, and a lateral
acceleration from a vehicle speed sensor and an acceleration
sensor, and supplies the signal to the control unit 12. Further,
based on instructions from the control unit 12, the brake ECU
40 controls brake actuators to control a vehicle speed (e.g.,
reduce vehicle speed).

[0037] The engine ECU 50 controls an engine torque gen-
erated by an engine (not illustrated) to accelerate and decel-
erate the subject vehicle based on instructions from the con-
trol unit 12. The EPS_ECU 60 acquires a signal indicating a
steering torque and a steering angle from a torque sensor and
a steering angle sensor, and supplies those signals to the
control unit 12. Based on instructions from the control unit
12, the EPS_ECU 60 controls a motor that rotates a steering
shaft of the subject vehicle.

[0038] The convoy travel control performed by the control
unit 12 is described in detail. First, explanation of a basic
concept of the convoy travel control in the present embodi-
ment is provided with reference to FIG. 2. The convoy travel
control in the present embodiment is performed according to
four states of the subject vehicle: an initial state (State A), a
convoy ready state (State B), a convoy enabling state (State
C), and a convoy travel state (State D). The control unit 12
changes and keeps track of a state parameter that represents
one of four states of the subject vehicle.

[0039] The processes performed in the four states are
described in the following. Each vehicle, i.e., the subject
vehicle and other vehicles, starts with the initial state (State
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A). Further, the vehicle (i.e., a control state of a vehicle) may
transition to the initial state (State A) from each of the other
states, that is, from the convoy ready state (State B), the
convoy enabling state (State C), and the convoy travel state
(State D).

[0040] When the subject vehicle is in the initial state (State
A), it performs a process shown in FIG. 3. The subject
vehicle, in SA1, transmits a convoy travel information of the
subject vehicle from the wireless communication unit 11. The
convoy travel information includes a predetermined number,
such as four latest measurements of successively observed
GPS positioning coordinates, as well as, vehicle speed and
travel direction. Further, the convoy travel information may
include information of the travel control and/or travel behav-
iors of the subject vehicle (e.g., information about the brake
control). The GPS positioning coordinates are regularly
acquired from the position detector 30, and the vehicle speed
is acquired from the vehicle speed sensor through the brake
ECU 40. The direction may be calculated from the locus of
GPS positioning coordinates, or may be acquired from a
geomagnetism sensor if the subject vehicle is equipped with
one. The predetermined number of successively measured
GPS positioning coordinates may be referred to as travel
locus information in claims.

[0041] Though not included in the convoy travel informa-
tion of the initial state (State A), the convoy travel information
of the convoy travel state (State D) may include a whole
convoy ID and a sub-convoy ID, as described later, and the
convoy travel information may further include a currently-
included number of vehicles and the maximum number of
vehicles in the convoy.

[0042] In SA2, the process determines whether convoy
travel information from another vehicle has been received. If
one or more vehicles around the subject vehicle are equipped
with the in-vehicle convoy travel system 1, the subject vehicle
receives the convoy travel information from such vehicles
(i.e., other vehicles) because those vehicles can transmit the
convoy travel information. If convoy travel information was
not received from the other vehicle (SA2. No) the process
returns to SA1. If convoy travel information was received
(SA2,YES), the process proceeds to SA3. The other vehicle
that transmitted the convoy travel information received by the
subject vehicle is referred to as a sender vehicle hereinafter.

[0043] InSA3, the process identifies the sender vehicle that
transmitted the convoy travel information received in SA2.
Specifically, the process generates a travel locus of the sender
vehicle from multiple measurements of GPS positioning
coordinates included in the convoy travel information from
the sender vehicle. The process then compares the generated
travel locus with a past travel locus generated from the convoy
travel information that was previously received prior to the
reception of the convoy travel information currently received
and is stored in memory. Based on the matching degree of two
travel loci, the process identifies the sender vehicle of the
convoy travel information currently-received.

[0044] Further, when performing a convoy travel, convoy
travel information is received from each of the multiple
vehicles regularly. From among all the convoy travel infor-
mation received, the past travel locus used in the above com-
parison has at least one measurement time that is the same as
the GPS positioning coordinates as the current travel locus.
That is, the current travel locus and the past travel locus are
chosen to have substantially the same measurement time
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except for the end point of the travel locus. Such situation is
described in detail in the following.

[0045] With reference to FIG. 4, the comparison method of
two travel loci respectively having four measurement points
is described in the following. The past travel locus used for
comparison is made up from three points, excluding the old-
est measurement point from the four successively measured
points. The three GPS positioning coordinate points used for
comparison are P2, P1, P0. The current travel locus used for
comparison is also made up from three points, the GPS posi-
tioning coordinate points of Q3, Q2, Q1 of FIG. 4, excluding
the latest measurement point. If the GPS positioning coordi-
nate points P0 to P3 and Q0 to Q3 are based on the informa-
tion successively transmitted from the same vehicle, the
points PO and Q1, the points P1 and Q2, the points P2 and Q3
respectively represent the same GPS positioning coordinate
points of the same vehicle measured respectively at the same
time, as indicated by both-headed arrows in FIG. 4. There-
fore, as circled by a dotted line square in FIG. 4, a travel locus
P2-P1-P0 and a travel locus Q3-Q2-Q1 substantially match
with each other if they are from the same vehicle. If, on the
other hand, two loci are from different vehicles, the matching
degree of two loci is less.

[0046] Therefore, based on the matching degree of two
travel loci, the position of the sender vehicle of the convoy
travel information currently-received can be identified. The
matching degree mentioned above represents both of the
degree of matching of two travel locus shapes as well as the
degree of matching of two travel locus positions. Therefore,
by regularly identitying the sender vehicle based on the travel
locus, the sender vehicle transmitting the convoy travel infor-
mation is identified in terms of its whereabouts in the past
(i.e., its travel locus history), even when the latest GPS posi-
tioning coordinate points respectively received from the mul-
tiple vehicles around the subject vehicle are very close to each
other (i.e., even when one travel locus and the other are very
similar at one measurement points or another). Further, when
it is determined that the degree of matching of a travel locus
with any one of the past travel loci is below a certain level,
such vehicle is determined as a newly-joining vehicle just
recently coming into the communication area of the subject
vehicle.

[0047] With continuing reference to FIG. 3, in SA4, based
on the GPS positioning coordinates of both vehicles and
independent sensor information, the process determines
whether the sender vehicle identified in SA3 is traveling in the
same lane as the subject vehicle. For instance, when it is
determined (i) that the sender vehicle is in front of the subject
vehicle at or within a predetermined distance based on the
GPS positioning coordinates and (ii) based on the detection of
the laser radar 20 it is determined that a vehicle, substantially
within the predetermined distance, is right-ahead of or imme-
diately ahead of the subject vehicle, the subject vehicle and
the sender vehicle are determined to be traveling in the same
lane.

[0048] When the determination in SA4 is that the subject
vehicle and the sender vehicle are traveling in the same lane,
SAS is YES and the process proceeds to SA6. Otherwise SA5
is NO, and the process returns to SA1.

[0049] In SAG6, the process determines whether a reception
signal strength (RSSI) and packet error rate (PER) of the
convoy travel information received in SA2 from the sender
vehicle respectively satisfy a certain standard for each of
those indices. Specifically, when the RSSI is greater than a

Mar. 28, 2013

RSSI threshold, it is determined to satisfy the standard, and,
when the PER is less-than or equal to a PER threshold, it is
determined to satisfy the standard. It is preferred to have a
higher RSSI and a lower PER.

[0050] The process also determines whether relative posi-
tion coordinates satisfy a certain standard. The relative posi-
tion coordinates are calculated as coordinate differences
between the latest positions of the subject vehicle and the
sender vehicle. When a distance represented by the coordi-
nate differences is equal to or under a threshold standard
distance, the relative position coordinates are determined as
satisfying the standard.

[0051] Ifthe RSSI, the PER, and the relative position coor-
dinates satisty respective standards, the process in SA6 is
determined as affirmative, which indicates that a vehicle close
to the subject vehicle is transmitting the convoy travel infor-
mation, and the information transmitted from the vehicle is
received in a high reception quality.

[0052] When the process in SA6 is determined as affirma-
tive, the process proceeds to SA7. On the other hand, when
the process in SA6 is determined as negative, that is, when at
least one of the RSSI, the PER, and the relative position
coordinates is not a standard, the process returns to SA1.
[0053] InSA7, the state parameter is changed to the convoy
ready state (State B). After transiting to the convoy ready state
(State B) by the execution of SA7, a process shown in FIG. 5
is performed.

[0054] The process executed in the convoy ready state
(State B) is described with reference to FIG. 5. The subject
vehicle can transition to the convoy ready state (State B) only
from the initial state (State A) as shown in FIG. 2, and, when
the subject vehicle transitions from the initial state (State A)
to the convoy ready state (State B), the subject vehicle should
not be in any convoy and the subject vehicle, which is joining
a convoy, has identified at least one sender vehicle. The sub-
ject vehicle may be referred to as the joining vehicle herein-
after.

[0055] A convoy can be organized by the joining vehicle
and the sender vehicle in either case that the joining vehicle
leads (i.e., is in front of) the sender vehicle or the sender
vehicle leads the joining vehicle. Therefore, whether to tran-
sition from the initial state (State A) to the convoy ready state
(State B) is determined without identifying which one of the
joining vehicle and the sender vehicle is in front of the other.
However, the process of organizing a convoy is respectively
different when the joining vehicle leads the sender vehicle
and when the sender vehicle leads the joining vehicle.
[0056] Therefore, in SB1, the process determines whether
the joining vehicle (i.e., the subject vehicle) is following the
sender vehicle. Such determination is performed based on the
latest GPS positioning coordinates of the joining vehicle and
the GPS positioning coordinates of the sender vehicle, which
are included in the convoy travel information received from
the sender vehicle.

[0057] When the GPS positioning coordinates of the join-
ing vehicle are behind the travel direction of the GPS posi-
tioning coordinates of the sender vehicle, it is determined that
the joining vehicle is following the sender vehicle (i.e., the
subject vehicle will be traveling as a follower vehicle in the
convoy, which may also be referred to as a “following
vehicle™), and the process proceeds to SB2.

[0058] When the GPS positioning coordinates of the join-
ing vehicle are in front of the travel direction of the GPS
positioning coordinates of the sender vehicle, it is determined
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the joining vehicle will become a leader vehicle in a convoy,
and the process proceeds to SB9.

[0059] When thesubjectvehicle (i.e., thejoining vehicle)is
a follower vehicle of the sender vehicle, the process in SB2,
determines whether the sender vehicle (i.e., a forward vehicle
in the following) is traveling in a convoy. The convoy travel
information from the forward vehicle may include a convoy
ID. Based on the inclusion of such ID in the convoy travel
information, the determination in SB2 is performed. Thus, if
the convoy travel information of the forward vehicle includes
the whole convoy ID, the forward vehicle is in a convoy (SB2,
YES), and the process proceeds to SB3, and if the convoy
travel information does not include the whole convoy 1D, the
forward vehicle is not in a convoy (SB2, NO), and the process
proceeds to SBS.

[0060] When SB3 is performed, the forward vehicle is a
rearmost vehicle traveling in the convoy. In the present
embodiment, the convoy is organized by not only using the
behavior of a right ahead vehicle (i.e., a vehicle traveling
immediately in front of the subject vehicle) but also using the
information transmitted by a convoy leader vehicle (i.e., a
leader vehicle of the convoy). Therefore, in SB3, it is deter-
mined whether the convoy travel information is received from
a leader vehicle of the convoy.

[0061] In the present embodiment, contents of the convoy
travel information are respectively different in the informa-
tion from the leader vehicle of the sub-convoy and in the
information from the follower vehicle in the convoy. For
instance, only the convoy travel information from the leader
vehicle includes the maximum allowable number of vehicles
in the convoy and the currently-included number of vehicles
in the convoy. Therefore, whether the convoy travel informa-
tion of the leader vehicle of the sub-convoy has been received
is determined based on the inclusion of those information
(i.e., the maximum allowable number and the currently-in-
cluded number of vehicles) in the convoy travel information.
When such determination is negative, the process proceeds to
SB4.

[0062] In SB4, the process determines whether the RSSI,
the PER, and the relative position coordinates from the fol-
lower vehicle of the sub-convoy satisfy the respective stan-
dards. Such determination is performed for the purpose of
determining whether to further maintain the convoy ready
state (State B).

[0063] When all of the RSSI, the PER, and the relative
position coordinates satisfy the standards (SB4, YES), the
process proceeds to SB5. Then, in SB5, it is determined to
further maintain the convoy ready state (State B). In such case
of further maintaining the convoy, the process thereafter
returns to SB1. On the other hand, if at least one of the RSSI,
the PER, and the relative position coordinates do not satisfy
the standards (SB4, NO) the process proceeds to SB7.
[0064] When the convoy travel information is from the
leader (SB3, YES), the process proceeds to SB6 and deter-
mines whether the RSSI, the PER, and the relative position
coordinates in the convoy travel information from the leader
vehicle of the sub-convoy satisty the respective standards. If
the RSSI, the PER, and the relative position coordinates sat-
isfy the respective standards (SB6, YES), the process pro-
ceeds to SB8, and if no (SB6, NO), the process proceeds to
SB7.

[0065] In SB7, the state parameter is changed to the initial
state (State A). In such case, the process in FIG. 3 is per-
formed.
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[0066] In SBS, the process changes the state parameter to
the convoy enabling state (State C). The state parameter is
changed to the convoy enabling state (State C) when the
subject vehicle is a follower vehicle of the sender vehicle (i.e.,
forward vehicle). If the forward vehicle of the subject vehicle
is traveling in a convoy, the state parameter is changed to the
convoy enabling state (State C) only when the convoy travel
information from the leader vehicle of the sub-convoy is
received in a high reception quality. The convoy enabling
state (State C) is provided in FIG. 6.

[0067] Whentheprocessin SB1 determines that the subject
vehicle is a leader vehicle in SB1, then, in SB9, the process
determines whether a convoy travel start notice has been
received from a following vehicle. The convoy travel start
notice is a notice sent by the following vehicle in SC7 of FIG.
6 indicating that the following vehicle is following the subject
vehicle (i.e., forward vehicle) and has started the convoy
travel. When it is determined to have received the convoy
travel start notice, the process proceeds to SB10.

[0068] In SB10, the process changes the state parameter to
the convoy travel state (State D) indicating that the subject
vehicle is traveling in a convoy. In other words, when the
subject vehicle is a leader vehicle of'a convoy and receives the
convoy travel start notice from a following vehicle, the sub-
ject vehicle transitions to the convoy travel state (State D).
[0069] When a convoy travel start notice has not been
received, the process in SB11, just like SA6 of FIG. 3, deter-
mines whether the RSSI, the PER, and the relative position
coordinates of the latest convoy travel information received
from the sender vehicle satisty the respective standards. Such
determination is performed for the purpose of determining
whether the convoy ready state (State B) should/can be fur-
ther maintained. When all of the RSSI, the PER, and the
relative position coordinates satisfy the standards (SB11,
YES), the process returns to SB9. On the other hand, when at
least one parameter does not satisty the standard (SB11, NO),
the process proceeds to SB12.

[0070] In SB12,the process changes the state parameter to
the initial state (State A). In such case, the process mentioned
above with reference to FIG. 3 will be performed.

[0071] With reference to FIG. 6, the process executed in the
convoy enabling state (State C) is described. According to the
convoy ready state (State B), when the subject vehicle is the
following vehicle, the subject vehicle can transition to the
convoy enabling state (State C). While the subject vehicle is
in the convoy enabling state (State C), the driver receives
acknowledgement that the vehicle is enabled to travel in a
convoy, either continuously or periodically. More practically,
such acknowledgement of enablement of the convoy travel
provided for the driver may, for example, appear on a display
device positioned in a sight of the driver.

[0072] In SC1, the process determines whether a convoy
traveling in front of the subject vehicle has room for accom-
modating a new vehicle. In other words, whether or not the
maximum allowable number of the convoy has been reached
is determined. Such determination may be made a number of
ways. For instance, the subject vehicle may transition to the
convoy enabling state (State C), when the forward vehicle is
not in a convoy (SB2 of FIG. 5 is NO), in which case the
forward vehicle is traveling solo, leading to the determination
that the maximum allowable number has not been reached.
[0073] Also, the subject vehicle may transition to the con-
voy enabling state (state C), when the RSSI. PER, and the
relative position coordinates of the leader is okay (SB6 of
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FIG. 5is YES), in which case the information from the leader
vehicle of the sub-convoy was received in high reception
quality. The leader vehicle of such sub-convoy transmits con-
voy travel information that includes the maximum allowable
number and the currently-included number of vehicles in the
vehicle, as shown in FIG. 7. Thus, based on the maximum
allowable number and the currently-included number of
vehicles in the received convoy travel information from the
leader vehicle of the sub-convoy, it is determined whether the
sub-convoy has room for a new vehicle.

[0074] When it is determined in SC1 that there is no room
for a new vehicle, no vehicle can join the convoy traveling in
front of the subject vehicle (SC1, NO). Therefore, the process
proceeds to SC6, and finishes the convoy enabling state (State
C), and the vehicle transitions to the initial state (State A). On
the other hand, the process proceeds to SC2 when it is deter-
mined that there is room for a new vehicle in the convoy (SC1,
YES).

[0075] InSC2, the process determines whether the driver’s
intention regarding the convoy travel has been confirmed.
More practically, it is determined whether the driver has
performed a convoy travel start instruction operation (e.g., a
convoy travel start button is pressed) or whether the driver has
performed a convoy travel refusal instruction operation.
When the driver has issued the convoy travel start instruction
(8C2, YES), the process proceeds to SC5, and when the
convoy travel refusal instruction operation is issued (SC2,
NO), the process proceeds to SC3.

[0076] SC3 determines whether the RSSI, the PER, and the
relative position coordinates in the convoy travel information
received from the sender vehicle satisfy the respective stan-
dards, just like SB11 of FIG. 5. Such determination is to
determine whether the convoy enabling state (State C) should
be further maintained. When the RSSI, the PER, and the
relative position coordinates all satisty the standards (SC3,
YES), the process returns to SC2. On the other hand, when at
least one of the above does not satisfy the standard (SC3, NO),
the process proceeds to SC4.

[0077] In SC4, the process changes the state parameter to
the initial state (State A). In such case, the process in FIG. 3 is
performed.

[0078] When the convoy travel intention of the driver has
been confirmed in SC2, the process proceeds to SC5. In SC5,
the process determines whether the driver’s intention of the
convoy travel confirmed in above-mentioned SC2 is an inten-
tion to start the convoy travel or a refusal. If such determina-
tion in SC5 is negative, that is, if the driver’s intention was the
refusal of the convoy travel, the process proceeds to SC6. In
SC6, the process changes the state parameter to the initial
state (State A). In such case, the process in FIG. 3 is per-
formed.

[0079] On the other hand, the process proceeds to SC7
when the intention is to start convoy travel (SC5, Yes). In SC7,
the process determines an immediate (i.e., right) ahead
vehicle as a followee vehicle (or a forward vehicle), which is
followed by the subject vehicle. Further, which vehicle is the
right ahead vehicle is determined based on the identification
result in SA3. Alternatively, the sender vehicle may also be
identified in SC7 in the same manner as SA3. In SC8, the
process transmits the convoy travel information that includes
the convoy travel start notice. The followee vehicle (i.e., the
vehicle followed by a following vehicle) can identify that the
vehicle transmitting the convoy travel start notice is a right
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behind vehicle based on the predetermined number of GPS
positioning coordinates included in the convoy travel infor-
mation.

[0080] The process proceeds to SC9 after having transmit-
ted the convoy travel start notice in SC8, and the process
changes the state parameter to the convoy travel state (State
D).

[0081] The process executed in the convoy travel state
(State D) is described in the following. FIG. 7 illustrates the
convoy travel information transmitted by each vehicle in the
convoy travel state (State D). More practically, the contents of
the convoy travel information transmitted by each vehicle in
the convoy travel state (State D) as well as how to organize a
sub-convoy.

[0082] At first, in SD1, the subject vehicle determines
whether it is a leader vehicle. When the subject vehicle is a
leader vehicle, the process proceeds to SD2, and, when the
subject vehicle is a following vehicle, the process proceeds to
SDS5, where the following vehicle is a vehicle that is not the
leader vehicle in a convoy.

[0083] A situation in which the subject vehicle is a leader
vehicle is described in the following.

[0084] In SD2, the convoy ID is determined. Since in the
first round of execution of the State D process after the convoy
formation, the convoy ID has not yet generated. Therefore,
the convoy ID is generated. On the other hand, in the second
or later round of execution of SD2 of the State D process after
the convoy formation, the convoy ID has already been gen-
erated. Therefore, the already-generated convoy ID is re-
used/maintained. The convoy ID is generated according to a
generation rule that controls the ID to have a different number
each time of generation and to have at least a predetermined
number of digits. Such generation improves security and may
prevent possible mix up with an ID assigned to another con-
voy. For example, the ID may be generated based on posi-
tioning coordinates at a time of starting the convoy travel, a
time of starting the convoy travel, a randomly generated text
string, and/or a combination of those numbers and strings.
[0085] InSD3, the process adds the convoy ID of SD2, the
currently-included number of vehicles, and the maximum
allowable number of vehicle to the convoy travel information
of'the subject vehicle which has the information as the initial
state (i.e., before the formation of the convoy). The maximum
allowable number represents the maximum number of
vehicles to be included in the convoy, in which the subject
vehicle is serving as a leader vehicle. The maximum allow-
able number is a predetermined number based on the capacity
of'the wireless communication unit 11 of the subject vehicle.
For example, when the capacity of the wireless communica-
tion unit 11 of the subject vehicle allows communication with
three vehicles behind the subject vehicle, the maximum
allowable number is set to 4, since the number includes the
subject vehicle itself. The currently-included number of
vehicles is incremented by 1 when the subject vehicle
receives a convoy travel start notice from a vehicle that has
newly joined the convoy to follow the subject vehicle.
[0086] In SD4, the process transmits the convoy travel
information that has the convoy ID and the like added thereto
in SD3 via the wireless communication unit 11. The process
proceeds to SD10 to be described later.

[0087] A situation in which the subject vehicle is a follow-
ing vehicle is described in the following. In SD5, the process
adds, to the convoy travel information having the same items
as the one in the initial state (State A), the convoy ID. The
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following vehicle (i.e., the subject vehicle in current situa-
tion) acquires the convoy ID by receiving the convoy travel
information transmitted from a leader vehicle in SD4.
[0088] In SD6, the process transmits the convoy travel
information having the convoy ID added thereto in SD5 from
the wireless communication unit 11. In SD7, the process
receives the convoy travel information transmitted from other
vehicle(s). Specifically, the process may receive convoy
travel information from multiple vehicles in the convoy, and
may also receive convoy travel information from a vehicle
outside of the convoy in which the subject vehicle is a part off.
[0089] In SD8, the process generates the travel locus from
each ofthe convoy travel information respectively having the
predetermined number of measurements of GPS pinpointing
coordinates. The process then compares the travel locus gen-
erated with the travel locus stored in the memory (i.e., past
travel locus), and determines a relative position of the sender
vehicle regarding each of many sets of the convoy travel
information, which may or may not be in the convoy, in order
to identify the sender vehicle.

[0090] In SD9, based on the identification results of the
sender vehicle(s) in SD8, the process identifies the convoy
travel information transmitted by the right ahead vehicle of
the subject vehicle and the convoy travel information trans-
mitted by the leader vehicle of the convoy in which the subject
vehicle is a part of. Subsequently, the convoy travel control of
the subject vehicle is performed. Specifically, the convoy
travel control may more practically be defined as a combina-
tion of (i) a following travel control for following the right
ahead vehicle and (ii) a travel control for maintaining a con-
voy formation based on the convoy travel information from
the convoy leader vehicle and from the other vehicle(s). The
process proceeds to SD10 after performing SD9.

[0091] In SD10, the process determines whether a convoy
travel end condition is satisfied. The convoy travel end con-
dition may be, for example, an override operation performed
by the driver, a move of the subject vehicle to another lane, an
input operation indicating an intention of ending the convoy
travel, or the like. The override operation is an operation by
the driver operating the vehicle that generates a behavior that
is in conflict with a behavior determined by an adaptively-
following travel control of the vehicle. For example, when a
behavior determined by the adaptively-following travel con-
trol of a vehicle is an acceleration of the vehicle, a braking
operation by the driver would be an override operation.
[0092] When determination in SD10 is negative, the pro-
cessreturns to SD1. Onthe other hand, when determinationin
SD10 is affirmative, the process proceeds to SD11.

[0093] InSD11, the process changes the state parameter to
the initial state (State A). In such case, the process performs
the process of FIG. 3.

[0094] FIG. 8 is an illustration of a formation of a convoy
per the state processes described in FIGS. 3 to 7, as shown in
(1)-(4) of FIG. 8. Per (1) of FIG. 8, two vehicles are traveling
in the same lane, but separately (i.e., not in a convoy). In (1)
the distance between the two vehicles may be great such that
the information transmitted by each of the vehicles (SA1)
may not be received by the other (SA2, NO). Therefore, the
two vehicles remain in the initial state (State A).

[0095] As the distance between the two vehicles decreases,
as shown in (2) of FIG. 8, the two vehicles may respectively
exchange information with one another in a high communi-
cation quality, such that SA2 and SA6 of FIG. 3 are both
affirmative. Further, since the two vehicles are traveling in the
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same lane, both vehicles transition to the convoy ready state
(State B), as shown in (2) of FIG. 8.

[0096] Per SB1, the first vehicle is identified as a leader
vehicle and the second vehicle is a follower vehicle. The
follower vehicle determines that the forward vehicle of the
follower vehicle (i.e., the leader vehicle) has no following
vehicle (SB2, NO), and the following vehicle transitions to
the convoy enabling state (State C) as shown in FIG. 8 (3).
However, at a time when the following vehicle transitions to
the convoy enabling state (State C), the forward vehicle (i.e.,
the leader vehicle) still stays in the convoy ready state (State
B), as it awaits for a convoy travel start notice (SB9).

[0097] After confirmation of the driver of the following
vehicle confirms intention to start the convoy travel and the
following vehicle transmits the convoy travel start notice, the
following vehicle transitions to the convoy travel state (State
D). Once, the forward vehicle (i.e., the leader vehicle)
receives the convoy travel start notice (SB8, YES), the for-
ward vehicle also transitions to the convoy travel state (State
D), as shown in FIG. 8 (4).

[0098] According to the present embodiment, each of the
vehicles transmits to the surrounding vehicles the convoy
travel information that include the latest measurement of the
GPS pinpointing coordinates and the predetermined number
of latest measurements of the GPS pinpointing coordinates.
Upon receiving the convoy travel information from other
vehicle(s), the subject vehicle identifies the sender vehicle
transmitting the convoy travel information currently received
based on a comparison of two travel loci, that is, the travel
locus generated from the predetermined number of GPS posi-
tioning measurements (i.e., coordinates) and the travel locus
generated from the convoy travel information currently
received. In other words, the sender vehicle transmitting the
convoy travel information is identified without using the
vehicle ID.

[0099] The sender vehicle identified is further used to deter-
mine the convoy travel information of the forward vehicle that
should be followed for the formation of the convoy. There-
fore, even in a situation where the convoy travel information
is receivable from many other vehicles, those other vehicles
may transmit the convoy travel information without including
the sender vehicle’s 1D, for allowing the subject vehicle to
identify the forward vehicle to be followed in the convoy (i.e.,
to identify a vehicle transmitting the convoy travel informa-
tion for the convoy travel).

[0100] Although the present disclosure has been fully
described in connection with the preferred embodiment
thereof with reference to the accompanying drawings, it is to
be noted that various changes and modifications will become
apparent to those skilled in the art.

[0101] For instance, in the above-described embodiment,
the convoy travel information to be transmitted includes the
predetermined number of latest measurements of the GPS
pinpointing coordinates, for allowing the receiver to generate
the travel locus. However, the travel locus may be generated
on the sender’s side, and the generated travel locus may be
transmitted together with the latest measurement (i.e., one
measurement) of the GPS pinpointing coordinates.

[0102] Further, a determination scheme that uses both of
the RSSTand the PER respectively as a determination index in
SA6. SB4, 6, 11, and SC3 in the above-described embodi-
ment may be modified to use only one of the RSSI and the
PER.
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[0103] Further, a state transition scheme that prohibits a
transition to the convoy travel state (State D) without confir-
mation of the driver’s intention in the above-described
embodiment (FIG. 6) may be modified to allow an automatic
state transition to State D upon determining a predetermined
continuation period of the convoy enabling state (State C).
[0104] Further, the state transition condition in the above-
described embodiment, requiring the two vehicles staying in
the same lane, may be modified, or may be omitted. In such
case, the vehicles in different lanes may form a convoy.
Therefore, two or more vehicles may be considered as a
convoy formation object vehicle in some cases. In such a
situation of having multiple convoy formation object
vehicles, a predetermined rule may be employed for auto-
matically reducing the number of object vehicles to only one
vehicle. Further, the object vehicle may be chosen by the
driver of the subject vehicle. The automatic selection of the
convoy formation object vehicle may be, for example, real-
ized by using a combination of two conditions, that is, the first
condition of same lane traveling and the second condition of
the inter-vehicle distance between two vehicles. The auto-
matic selection is performed based on an assumption that
there is a room for a new vehicle in the convoy.

[0105] Further, as a transition condition to transition to the
convoy ready state (State B), a condition of having no vehicle
between the sender vehicle identified in SA3 and the subject
vehicle may be additionally used, in addition to the condition
in the above embodiment, that is, the affirmative determina-
tions in all of SA2, SAS, SA6 of FIG. 3.

[0106] Insucha case, havingno vehicle between the sender
vehicle and the subject vehicle may be determined, for
example, by comparing the two different measurements of an
inter-vehicle distance, that is, comparison between (i) the
measurement of a distance as the difference of GPS position-
ing coordinates of the sender vehicle and the subject vehicle
and (ii) the measurement of a distance to the forward vehicle
by using a laser radar of the subject vehicle. When two mea-
surements substantially agree, it may be determined as having
no vehicle therebetween.

[0107] Such changes and modifications are to be under-
stood as being within the scope of the present disclosure as
defined by the appended claims.

What is claimed is:

1. A convoy travel apparatus disposed in a subject vehicle
that is equipped with a position measurement unit for regu-
larly having a measurement of satellite positioning coordi-
nates of the subject vehicle, the convoy travel apparatus com-
prising:

a wireless communication unit regularly transmitting con-
voy travel information of the subject vehicle, the convoy
travel information including latest satellite positioning
coordinates of the subject vehicle and travel locus infor-
mation made from one of (a) a predetermined number of
latest measurements of the satellite positioning coordi-
nates of the subject vehicle and (b) a travel locus defined
by the predetermined number of latest measurements of
the satellite positioning coordinates of the subject
vehicle measured by the position measurement unit;

a convoy travel control unit performing convoy travel con-
trol of the subject vehicle based on the convoy travel
information from other vehicles received by the wireless
communication unit; and

a sender vehicle identification unit identifying a sender
vehicle transmitting a convoy travel information cur-
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rently received by the wireless communication unit,
based on a comparison between the travel locus infor-
mation included in the convoy travel information cur-
rently received and the travel locus information previ-
ously received, wherein

the convoy travel control unit determines, based on the

2.

sender vehicle identified by the sender vehicle identifi-
cation unit, the convoy travel information transmitted by
a forward vehicle to be followed by the subject vehicle,
and performs the convoy travel control based on the
convoy travel information of the forward vehicle.

The convoy travel apparatus of claim 1, wherein

the sender vehicle identification unit performs a compari-

3

son of the travel locus information by comparing a cur-
rent travel locus that is determined based on the travel
locus information included in the convoy travel infor-
mation currently received from other vehicles with a
travel locus that is determined based on the travel locus
information previously received.

. The convoy travel apparatus of claim 1, wherein

the convoy travel control unit identifies the convoy travel

4.

information transmitted by the forward vehicle that is
directly followed by the subject vehicle based on an
identification result of the sender vehicle by the sender
vehicle identification unit, and performs the convoy
travel control based on the convoy travel information
from the forward vehicle.

The convoy travel apparatus of claim 3, wherein

the convoy travel control unit controls the wireless com-

5.

munication unit to transmit the convoy travel informa-
tion of the subject vehicle to include a follower notice
indicating a start of a following travel of the subject
vehicle when the subject vehicle starts to perform a
following travel control to follow the forward vehicle.
The convoy travel apparatus of claim 1, wherein

the convoy travel control unit identifies the subject vehicle

as a leader of a convoy and a variable convoy ID that is
different at every generation time is generated, when the
subject vehicle is not in a convoy and receives the con-
voy travel information that includes a follower notice
indicating a start of a following travel of the sender
vehicle, and

the convoy travel information of the subject vehicle

6.

includes the generated variable convoy 1D and is trans-
mitted by the wireless communication unit of the subject
vehicle while the subject vehicle is leading the convoy.
The convoy travel apparatus of claim 1, wherein

the convoy travel control unit transmits, via the wireless

communication unit, the convoy travel information
including a maximum allowable number of vehicles in
the convoy and a currently-included number of vehicles
in the convoy, when the subject vehicle is a leader of a
convoy, and

the convoy travel control unit of the subject vehicle deter-

7

mines whether the subject vehicle can join a convoy
based on a maximum allowable number of vehicles and
a currently-included number of vehicles provided in the
convoy travel information received, when the subject
vehicle is in a non-convoy traveling state.

. The convoy travel apparatus of claim 6, wherein,

the convoy travel control unit increases the currently-in-

cluded number of vehicles by one when the convoy
travel information received by the wireless communica-
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tion unit includes the follower notice while the subject
vehicle is the leader of the convoy, and.

the convoy travel control unit identifies the convoy travel
information from a vehicle having been traveling at a
rear end position of the convoy based on an identification
result of the sender vehicle by the sender vehicle iden-
tification unit, and performs a following travel control
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for following the vehicle at the rear end position of the
convoy based on the convoy travel information identi-
fied, and transmits the convoy travel information includ-
ing the follower notice to such vehicle, when the convoy
travel control unit determines that the subject vehicle
can join the convoy,

#* #* #* #* #*



