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(54) ROW RUNNING CONTROL SYSTEM AND VEHICLE

(57) A row running control system is a system that
controls the running state of each vehicle by optimum
control (LQ control) so that five vehicles, for example,
run in a row. Acceleration instruction values for the suc-
ceeding four vehicles among the five vehicles are deter-

mined as values minimizing predetermined evaluation
functions, and the evaluation functions are calculated
based on the errors of the distances between the respec-
tive vehicles, relative speeds between the respective ve-
hicles and the acceleration instruction values for the re-
spective vehicles.
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Description

Technical Field

[0001] The present invention relates to a row running control system that controls running states of each constituent
vehicle constituting a row so that a plurality of vehicles run in a row, and a vehicle including such a system.

Background Art

[0002] Recently, in order to promote improvements in traffic flow and promote improvements in fuel efficiency through
reductions in air resistance, a technology has received attention, which causes a plurality of vehicles to run in a row with
a short inter-vehicle distance. In the related art, as a technology of the row running, a method is known in which the
respective succeeding vehicles of the row control the inter-vehicle distance between the succeeding vehicle and the
preceding vehicle, respectively. In this method, there is a problem in that, when the lead vehicle encounters a disturbance
such as the road gradient or wind, an error in inter-vehicle distance is propagated to the rear vehicles. In regard to the
problem, a system of a publication of Japanese Unexamined Patent Application Publication No. 10-162282 has been
suggested. In this system, each of the succeeding vehicles of the row controls the inter-vehicle distance between itself
and the lead vehicle of the row, whereby row running by a plurality of vehicles is realized. According to the method,
since the respective succeeding vehicles respond rapidly to the disturbance encountered by the lead vehicle of the row,
there is no propagation and the like of an error in inter-vehicle distance, and it is difficult for the behavior of the row to
be disturbed.

Citation List

Patent Literature

[0003] Japanese Unexamined Patent Application Publication No. 10-162282

Summary of Invention

Technical Problem

[0004] However, in the system of the above Patent Citation, when any one of the succeeding vehicles other than the
lead vehicle encounters the disturbance, since it is almost completely unable to cope with the disturbance, the behavior
of the row easily becomes confused and unstable. Furthermore, since the inter-vehicle distances between the succeeding
vehicles are not controlled, even when the succeeding vehicles unnecessarily approach each other, an action of trying
to restore the approach is not performed and the behavior of the row is unstable. In this manner, there is a problem in
that the row running by the system described in the above Patent Citation is relatively weak in terms of a disturbance.
[0005] Thus, an object of the present invention is to provide a row running control system that is capable of realizing
a row running resistant to disturbances, and a vehicle.

Solution to Problem

[0006] According to the present invention, there is provided a row running control system that controls running states
of each vehicle so that a plurality of vehicles runs in a row, wherein running control amount of at least a part of constituent
vehicles of constituent vehicles constituting the row is determined as a running control amount which minimizes a
predetermined evaluation value, and wherein the predetermined evaluation value is calculated based on a value con-
cerning a relative relationship between the respective constituent vehicles, and a value concerning a running control
amount of at least one constituent vehicle of the constituent vehicles.
[0007] According to the row running control system, since the row running is controlled in view of the relative relation-
ships between the constituent vehicles of the row and the running control amounts of the constituent vehicles, it is
possible to realize row running resistant to disturbances that disturbs the relative relationships between the respective
constituent vehicles.
[0008] Furthermore, the predetermined evaluation value may be a value that is calculated by performing a weighting
on each of the values concerning the relative relationship between the respective constituent vehicles and the value
concerning the running control amount of at least one constituent vehicle of the constituent vehicles.
[0009] In this case, it is possible to perform the weighting on an influence in which the value concerning the relative
relationship between the respective constituent vehicles and the value concerning the running control amount of at least
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one constituent vehicle of the constituent vehicles have an effect on the control of the row running, respectively.
[0010] Furthermore, the value concerning the relative relationship between the constituent vehicles may include at
least one of errors of respective inter-vehicle distances between the vehicle and immediately preceding constituent
vehicle in the respective constituent vehicles or respective relative speeds between the vehicle and immediately preceding
constituent vehicle in the respective constituent vehicles.
[0011] In this case, since the inter-vehicle distances or the relative speeds of the constituent vehicles are considered,
it is possible to realize row running resistant to disturbances that disturb the inter-vehicle distances or the relative speeds
of the respective constituent vehicles and having a high inter-vehicle stability.
[0012] Furthermore, at least a part of the constituent vehicles may include a lead vehicle in the row. According to the
configuration, the running state of the lead vehicle is also controlled, whereby the disturbance can also be absorbed by
the movement of the lead vehicle.
[0013] Furthermore, in this case, the value concerning the running control amount of at least one constituent vehicle
may be a value that is calculated by performing a weighting on each of the running control amount of the lead vehicle
and the running control amounts of the succeeding vehicles other than the lead vehicle, and weights in the weighting
may be determined based on the positional relationship between the lead vehicle and an obstruction that exists ahead
of the lead vehicle.
[0014] The inventors took note that, when the running state of the lead vehicle is controlled, since it can be considered
that the stability of the lead vehicle is low in a case where the positional relationship between the lead vehicle and the
obstruction is unsatisfactory (for example, a case where the lead vehicle is close to the obstruction), there is a need to
moderate the extent to which the control intervenes in the lead vehicle. In view of this knowledge, according to the above
configuration of the row running control system, weights in the weighting are determined based on the positional rela-
tionship between the lead vehicle and the obstruction in the evaluation value, and a balance between the extent of the
control intervention to the lead vehicle and the extent of the control intervention to the succeeding vehicle is obtained
by the weighting. Thus, it is possible to cause the control to intervene in the lead vehicle with a balance depending on
the stability of the lead vehicle. As a consequence, for example, when the distance between the lead vehicle and the
obstruction is close, it is possible to avoid a demand for a significant behavior in the lead vehicle.
[0015] Furthermore, the predetermined evaluation value may be a value that is calculated by performing a weighting
on each of errors of the respective inter-vehicle distances between the vehicle and immediately preceding vehicle in the
respective constituent vehicles and the running control amount of at least one constituent vehicle of the constituent
vehicles, and the weights in the weighting may be determined based on the running speed of the constituent vehicle.
[0016] The inventors took notice that, in order to promote an improvement in fuel efficiency in the row running of this
kind of vehicle, when the vehicle runs at a low speed, since the influence of air resistance is small, a reduction in
acceleration and deceleration of the constituent vehicle needs to be considered to be more important than the stability
of the row, and conversely, when the vehicle runs at a high speed, since the influence of air resistance is large, the
stability of the row needs to be considered to be more important than a reduction in acceleration and deceleration of the
constituent vehicle. In view of this knowledge, according to the above configuration of the row running control system,
the weights in the weighting are determined based on the running speed of the constituent vehicle in the evaluation
value, and a balance is obtained between the relative relationship between the vehicles of the constituent vehicles of
the row concerning the stability of the row and the running control amount of the constituent vehicle concerning the
suppression of the acceleration and the deceleration of the constituent vehicle. Thus, according to the system, it is
possible to perform the row running control including the stability of the row and the suppression of the acceleration and
the deceleration of the constituent vehicles in consideration of the balance based on the running speed of the row,
thereby effectively promoting an improvement in fuel efficiency.
[0017] The vehicle of the present invention includes any one of the row running control systems. Since the vehicle
includes any one of the row running control systems, a row running resistant to disturbances can be realized. Furthermore,
in this case, the vehicle of the present invention may be one constituent vehicle of the row.

Advantageous Effects of Invention

[0018] According to the row running control system and the vehicle of the present invention, it is possible to realize
row running resistant to disturbances.

Brief Description of Drawings

[0019] FIG. 1 is a block diagram that shows first, second, fourth and fifth embodiments of a row running control system
according to the present invention.

FIG. 2 is a diagram that shows a row running which is realized by the row running control system shown in FIG. 1.
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FIG. 3 is a flow chart that shows the process which is performed by the row running control system of the first
embodiment at the point of time when constituent vehicles of the row are determined.
FIG. 4 is a flow chart that shows the process which is performed by the row running control system of the first
embodiment during row running.
FIGS. 5A to 5C are graphs that show an inter-vehicle error, an inter-vehicle relative speed, and acceleration of each
of vehicles C1 to C5 when an unknown gradient disturbance is given to the row running according to a first past
control, respectively, and FIG. 5D is a diagram that shows a model of the row running control according to the first
past control.
FIGS. 6A to 6C are graphs that show an inter-vehicle error, an inter-vehicle relative speed, and acceleration of each
of vehicles C1 to C5 when an unknown gradient disturbance is given to the row running according to a first past
control, respectively, and FIG. 6D is a diagram that shows a model of the row running control according to the first
past control.
FIGS. 7A to 7C are graphs that show an inter-vehicle error, an inter-vehicle relative speed, and acceleration of each
of vehicles C1 to C5 when an unknown gradient disturbance is given to the row running according to a row running
control system of a first embodiment, respectively.
FIGS. 8A to 8C are graphs that show an inter-vehicle error, an inter-vehicle relative speed, and acceleration of each
of vehicles C1 to C5 when an impulse-like disturbance is given to the row running according to a first past control,
respectively, and FIG. 8D is a diagram that shows a model of the row running control according to the first past control.
FIGS. 9A to 9C are graphs that show an inter-vehicle error, an inter-vehicle relative speed, and acceleration of each
of vehicles C1 to C5 when an impulse-like disturbance is given to the row running according to a first past control,
respectively, and FIG. 9D is a diagram that shows a model of the row running control according to the first past control.
FIGS. 10A to 10C are graphs that show an inter-vehicle error, an inter-vehicle relative speed, and acceleration of
each of vehicles C1 to C5 when an impulse-like disturbance is given to the row running according to a row running
control system of a first embodiment, respectively.
FIG. 11 is a flow chart that shows the process to be performed by a row running control system of a second
embodiment during row running.
FIGS. 12A to 12C are graphs that show an inter-vehicle error, an inter-vehicle relative speed, and acceleration of
each of vehicles C1 to C5 when an unknown gradient disturbance is given to the row running according to a row
running control system of a second embodiment, respectively.
FIG. 13 is a block diagram that shows a third embodiment of a row running control system of the present invention.
FIG. 14 is a flow chart that shows the process to be performed by a row running control system of a third embodiment
during row running.
FIG. 15 is a graph that shows a relationship between TTC of the lead vehicle C1 and a weight εu1, included in an
evaluation function.
FIG. 16 is a flow chart that shows the process to be performed by a row running control system of a fourth embodiment
during row running.
FIG. 17 is a graph that shows a relationship between a vehicle speed V and weights εu and εL included in an
evaluation function.
FIG. 18 is a flow chart that shows the process to be performed by a row running control system of a fourth embodiment
during row running.

[0020]

1, 201, 301, 401 and 501 row running control system
C1 to C5 vehicle
C1 lead vehicle
C2 to C5 succeeding vehicles

Description of Embodiments

[0021] Hereinafter, preferred embodiments of a row running control system and a vehicle according to the present
invention will be described in detail with reference to the accompanying drawings.

(First Embodiment)

[0022] A row running control system 1 shown in FIG. 1 is a system that controls the respective running states of a
plurality of vehicles so that the plurality of vehicles can run in a row. By means of the row running control system 1, a
row running is realized in which a plurality of vehicles run while being arranged longitudinally in a row at relatively narrow
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inter-vehicle distances. In the row running control system 1, although row running constituted by any arbitrary number
of vehicles can be realized, herein, as shown in FIG. 2, a case will be described as an example where the row running
is performed by five vehicles C1, C2, C3, C4 and C5.
[0023] In addition, in the following description, as shown in FIG. 2, the acceleration of nth (n=1, 2, ..., 5) vehicle Cn
counted from the lead of the row is represented by "an", the velocity of the vehicle Cn is represented by "Vn", and an
acceleration instruction value of the vehicle Cn is represented by "un". Furthermore, an inter-vehicle error between the
vehicle Cn and the vehicle Cn+1 is represented by "Ln". In addition, the inter-vehicle error refers to an error between a
target inter-vehicle distance Ltgt and the current inter-vehicle distance. Furthermore, in some cases, among the constituent
vehicles C1 to C5 of the row, a vehicle C1 running in the lead is called "the lead vehicle", and in contrast to this, the
vehicles C2 to C5 are collectively called "succeeding vehicles".
[0024] All the vehicles C1 to C5 constituting the row each have one row running control system 1 described below
installed thereon, respectively.
[0025] As shown in FIG. 1, the row running control system 1 includes a vehicle control ECU (Electronic Control Unit)
10. The vehicle control ECU 10 is an electronic control unit that performs the control of the overall row running control
system 1, and is, for example, constituted by a computer including a CPU, a ROM and a RAM as a main body. The
vehicle control ECU 10 has an information memory portion 10a capable of preserving information temporarily or in the
long term. In addition, the vehicle control ECU 10 functions as calculation means that computes the respective acceleration
instruction values u1 to u5 of the vehicles C1 to C5 by means of a predetermined calculation described below.
[0026] Moreover, the row running control system 1 includes a sensor group for detecting the running state of the
vehicle. The sensor group includes a front inter-vehicle distance sensor 21a, a rear inter-vehicle distance sensor 22a,
a vehicle speed sensor 23a, and an acceleration sensor 24a.
[0027] The front inter-vehicle distance sensor 21a can detect an inter-vehicle distance between a subject vehicle and
a vehicle running just before the vehicle. Similarly, the rear inter-vehicle distance sensor 22a can detect an inter-vehicle
distance between the subject vehicle and a vehicle running just after the vehicle. As the front inter-vehicle distance
sensor 21 a and the rear inter-vehicle distance sensor 22a, for example, millimeter wave radar is adopted which are
provided at a front portion and a rear portion of the vehicle, respectively. A signal obtained by the front inter-vehicle
distance sensor 21a is processed by the front sensor ECU 21 and is transmitted to the vehicle control ECU 10 as front
inter-vehicle distance information. Similarly, a signal obtained by the rear inter-vehicle distance sensor 22a is processed
by the rear sensor ECU 22 and is transmitted to the vehicle control ECU 10 as rear inter-vehicle distance information.
[0028] The vehicle speed sensor 23a is capable of detecting the speed of the subject vehicle. As the vehicle speed
sensor 23a, for example, an electromagnetic pickup sensor for detecting a vehicle wheel speed may be used. A signal
obtained by the vehicle speed sensor 23a is processed by the vehicle speed sensor ECU 23 and is transmitted to the
vehicle control ECU 10 as the vehicle speed information. As the acceleration sensor 24a, for example, a gas rate sensor
or a gyro sensor is used. A signal obtained by the acceleration sensor 24a is processed by the acceleration sensor ECU
24 and is transmitted to the vehicle control ECU 10 as the acceleration information.
[0029] In addition, the front sensor ECU 21, the rear sensor ECU 22, the vehicle speed sensor ECU 23, and the
acceleration sensor ECU 24 are connected to the vehicle control ECU 10 via a communication sensor system CAN 20
that is built as a network in the vehicle.
[0030] As mentioned above, in the row running control system 1, it is possible to obtain the front inter-vehicle distance
information, the rear inter-vehicle distance information, the vehicle speed information, and the acceleration information
of the subject vehicle by means of the aforementioned sensor group. In addition, in the following description, in some
cases, the front inter-vehicle distance information, the rear inter-vehicle distance information, the vehicle speed infor-
mation, and the acceleration information are collectively called "running state information".
[0031] Furthermore, the system 1 includes an engine control ECU 31, a brake control ECU 32, a steering control ECU
33 so that an operation such as deceleration, acceleration, and the steering of the subject vehicle can be performed.
The engine control ECU 31 receives the acceleration instruction value information to be transmitted from the vehicle
control ECU 10, and operates a throttle actuator 31a or the like by an operation amount corresponding to the acceleration
instruction value. Furthermore, the brake control ECU 32 receives the acceleration instruction value information, and
operates the brake actuator 32a or the like by an operation amount corresponding to the acceleration instruction value.
Moreover, the steering control ECU 33 receives the steering instruction value information to be transmitted from the
vehicle control ECU 10, and operates the steering actuator 33a or the like by an operation amount corresponding to the
steering instruction value.
[0032] Moreover, the row running control system 1 includes a wireless antenna 26a and a wireless control ECU 26
so that mutual running state information and the like can be exchanged between the subject vehicle and other constituent
vehicles of the row. The respective vehicles C1 to C5 in the row perform inter-vehicle communication by the wireless
antenna 26a and the wireless control ECU 26 to acquire vehicle specification information, running state information, and
acceleration instruction value information of all other constituent vehicles, and transmits the vehicle specification infor-
mation, the running state information, and the acceleration instruction value information of the subject to other vehicles.
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In the vehicle control ECU 10 of all the vehicles C1 to C5, the vehicle specification information, the running state information,
and the acceleration instruction value information of all the vehicles C1 to C5 can be shared by means of such inter-
vehicle communication. In addition, the wireless control ECU 26 is connected to the vehicle control ECU 10 via the
aforementioned communication sensor system CAN 20.
[0033] Next, the row running control according to the row running control system 1 will be described.
[0034] In the row running control according to the row running control system 1, the running states of four succeeding
vehicles C2 to C5 are controlled depending on the running state of the lead vehicle C1. That is, the lead vehicle C1 is
manually driven by a driver, and the control of the row running control system 1 does not intervene in the running state
of the lead vehicle C1. Moreover, the row running control system 1 controls the running states of the four succeeding
vehicles C2 to C5 so as to follow the lead vehicle C1 which is manually driven by a driver.
[0035] According to the row running control system 1, when determining the respective acceleration instruction values
u2 to u5 of the respective succeeding vehicles C2 to C5, the running state information and the like of all the vehicles C1
to C5 is used. Specifically, in the row running control system 1, an optimum control (LQ control) is used and the acceleration
instruction values u2 to u5 are determined by the use of accelerations a1 to a5, inter-vehicle errors L1 to L4, inter-vehicle
relative speeds L’1 to L’4, and acceleration instruction values u1 to u5 of all the vehicles C1 to C5 constituting the row. In
addition, although the inter-vehicle relative speed is a difference between a vehicle speed Vn of a vehicle Cn and a
vehicle speed Vn+1 of a vehicle Cn+1, since a time differentiation of an inter-vehicle error Ln exists, the inter-vehicle
relative speed is represented by dLn/dt or L’n.
[0036] Herein, an algorithm will be described in which the row running control system 1 determines the acceleration
instruction values u2 to u5 of the respective succeeding vehicles C2 to C5.
[0037] In the row running control, by setting the acceleration instruction values u2 to u5 as control inputs, and setting
the accelerations a1 to a5, the inter-vehicle errors L1 to L4, and the inter-vehicle relative speeds L’1 to L’4 as state amounts,
the row running of the vehicles C1 to C5, is represented by state space equation (1) as below. Moreover, the optimal
control (LQ control) is applied to the system represented by the state space equation (1). 

However,

x: state vector, x = (a1, L1, L’1, a2, L2, L’2, a3, L3, L’3, a4, L4, L’4, a5)T

uc: acceleration instruction value vector, uc = (u2, u3, u4, u5)T

uo: acceleration instruction value of lead vehicle
uw: disturbances such as road gradient or wind

Furthermore, A, Bc, Bo and Bw in equation (1) are matrices that are suitably determined based on conditions, such as
vehicle specification information and the like of the vehicles C1 to C5. In addition, dots (points) over the characters such
as x in the equation (1) represents the time differentiation, but they are represented by x’ or the like instead of the dot
in the texture. Furthermore, in the equation, the characters representing the matrix and the vector are indicated by bold
characters, but, the bold character indications are omitted and ordinary characters are represented in the text.
[0038] At this time, the acceleration instruction value vector uc is represented in equation (2) as below using a feedback
gain matrix K. 

However, 
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Herein, the feedback gain matrix K is a matrix of 13 columns x 4 rows.
[0039] Moreover, an evaluation function J for performing an optimal control (LQ control) of the system represented in
the state space equation (1) is defined as equation (3). 

In the equation (3), weights εL, εdL, εu of the weighting are set in a term set in consideration of the inter-vehicle errors
L1 to L4, a term set in consideration of the inter-vehicle relative speeds L’1 to L’4, and a term set in consideration of the
acceleration instruction values u2 to u5, respectively. That is, by distributing weights εL, εdL, εu included in the evaluation
function by J, a balance of the importance in the row running control of the three elements is determined which includes
the stability of the inter-vehicle distance, a reduction in inter-vehicle relative speed, and a reduction (energy conservation
of the acceleration and the deceleration) in acceleration and deceleration of the vehicle. Thus, by adjusting the weights
εL, εdL, εu, it is possible to carry out the row running control in which the three elements are considered important by a
desired distribution. In addition, the values of the weights εL, εdL, εu are determined in advance by the designer of the
row running control system 1 based on the desired design idea and are stored in the information memory portion 10a
of the vehicle control ECU 10 in advance.
[0040] The feedback gain matrix K1, which minimizes the evaluation function J of the equation (3), is uniquely obtained
when a group of the five vehicles C1 to C5 constituting the row are decided. Moreover, the obtained feedback gain matrix
K1 is applied to the equation (2). Moreover, in the equation (2) to which the feedback gain matrix K1 is applied, u1 of the
lead vehicle is set to feed forward, and the state vector x obtained based on information from each sensor groups is
substituted, whereby the acceleration instruction value vector uc is obtained which minimizes the evaluation function J.
That is, a group of the acceleration instruction values u2 to u5 is obtained which minimizes the evaluation function J.
[0041] Specifically, when representing 13x4 elements included in the feedback gain matrix K1 by adding indexes to
"k", the acceleration instruction values u2 to u5 are obtained by equation 4 as below.



EP 2 390 856 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0042] In addition, the state vector x used in the row running control can be obtained based on information from the
respective sensor groups of the respective vehicles C1 to C5. That is, the accelerations a1 to a5 of the state vector x can
be obtained based on the respective acceleration information that can be obtained from the acceleration sensor 24a of
the respective vehicles C1 to C5. Furthermore, the inter-vehicle errors L1 to L4, can be obtained based on the respective
inter-vehicle distance information that can be obtained from the front inter-vehicle distance sensor 21a or the rear inter-
vehicle distance sensor 22a of the respective vehicles C1 to C5. Moreover, the inter-vehicle relative speeds L’1 to L’4
can be obtained by calculating the difference between the vehicle speeds of the front and rear vehicles based on the
respective vehicle speed information that can be obtained from the vehicle speed sensor 23a of the respective vehicles
C1 to C5. In addition, the accelerations a1 to a5, the inter-vehicle errors L1 to L4, and the inter-vehicle relative speeds
L’1 to L’4 may be obtained by other methods. For example, the inter-vehicle relative speeds L’1 to L’4 may be obtained
based on variation rates of the inter-vehicle errors L1 to L4, respectively.
[0043] Next, the specific process to be performed by the row running control system 1 of the respective vehicles C1
to C5 based on the algorithm will be described with reference to the flow chart. The vehicle control ECU 10 of the row
running control system 1 of all the vehicles C1 to C5 performs the process described below in parallel, respectively.
[0044] Firstly, at the point of time when the constituent vehicles C1 to C5 constituting the row are determined, the
process performed by the vehicle control ECU 10 of the respective vehicles C1 to C5 will be described based on FIG. 3.
[0045] As shown in FIG. 3, when the vehicles C1 to C5 constituting the row are determined, the vehicle control ECU
10 acquires the vehicle specification information of all other constituent vehicles by means of the inter-vehicle commu-
nication through the wireless control 26a and the wireless control ECU 26. Furthermore, by reading the vehicle specifi-
cation information of the subject vehicle that is recorded in the information memory portion 10a, the vehicle specification
information of all the vehicles C1 to C5 (S11) is acquired. The vehicle specification information includes acceleration
response properties, or the like, of the respective vehicles. Next, the vehicle control ECU 10 creates the state space
equation of equation (1) and the evaluation function of the equation (3) based on the acquired vehicle specification
information of all the vehicles C1 to C5, and calculates the feedback gain matrix K1 that minimizes the evaluation function
J (S 13). Moreover, the vehicle control ECU 10 records the calculated feedback gain matrix K1 on the information memory
portion 10a (S 15).
[0046] Next, the process performed by the vehicle control ECU 10 of the respective vehicles C1 to C5 during row
running will be described with reference to FIG. 4.
[0047] As shown in FIG. 4, the vehicle control ECU 10 acquires the front inter-vehicle distances, the rear inter-vehicle
distances, the vehicle speeds, and the accelerations of the four other vehicles by means of the inter-vehicle communi-
cation (S101). Next, the front inter-vehicle distance, the rear inter-vehicle distance, the vehicle speed, and the acceleration
of the subject vehicle are acquired from the sensor groups 21a to 24a of the subject vehicle (S103). By means of the
process, the vehicle control ECU 10 acquires the front inter-vehicle distances, the rear inter-vehicle distances, the vehicle
speeds, and the accelerations of all the vehicles C1 to C5, calculates the accelerations a1 to a5, the inter-vehicle errors
L1 to L4, and the inter-vehicle relative speeds L’1 to L’4 based on the acquired information, and can obtain the state vector x.
[0048] Next, in the above equation (2), the acceleration instruction value u1 of the lead vehicle C1 is set to feed forward
(S111), and the feedback gain matrix K1 is read from the information memory portion 10a (S113). Moreover, the accel-
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eration instruction value vector uc is calculated from the equation (2) based on the acceleration instruction value u1 and
the state vector x using the feedback gain matrix K1. That is, the group of the feedback control instruction values u2 to
u5 is obtained (S 115).
[0049] Then, the vehicle control ECU 10 of the vehicles C2 to C5 transmits an acceleration instruction value un (for
example, the acceleration instruction value u3 if the subject vehicle is the vehicle C3, and the acceleration instruction
value u4 if the subject vehicle is the vehicle C4) of the subject vehicle among the calculated acceleration instruction
values u2 to u5 to the engine control ECU 31 and the brake control ECU 32 (S131). Moreover, the engine control ECU
31 operates the throttle actuator 31a based on the received acceleration instruction value un, and the brake control ECU
32 operates the brake actuator 32a based on the received acceleration instruction value un (S133). The processes of
S101 to S133 of FIG. 4 as above are repeated during row running. By means of the processes, the decelerations and
the accelerations of the four succeeding vehicles C2 to C5 are controlled to correspond to the lead vehicle C1, whereby
the row running of the five vehicles C1 to C5 is accomplished.
[0050] As described above, the row running control system 1 to be mounted on the respective vehicles C1 to C5
acquires the accelerations a1 to a5, the inter-vehicle errors L1 to L4, and the inter-vehicle relative speeds L’1 to L’4
concerning all the vehicles C1 to C5 in the row. Moreover, a group of the acceleration instruction values u2 to u5 of all
the succeeding vehicles C2 to C5 is determined by the LQ control using the state vector x that includes the acquired
accelerations a1 to a5, the inter-vehicle errors L1 to L4, and the inter-vehicle relative speeds L’1 to L’4 as elements thereof.
Moreover, the row running control system 1 of the respective succeeding vehicles C2 to C5 adopts the acceleration
instruction value un concerning the subject vehicle Cn among the determined acceleration instruction values u2 to u5,
and the engine control ECU 31 and the brake control ECU 32 operate the throttle actuator 31a and the brake actuator
32a based on the acceleration instruction value un.
[0051] In this manner, according to the row running control system 1, the row running is controlled in view of the
accelerations a1 to a5 of the vehicles C1 to C5, the inter-vehicle errors L1 to L4 between the vehicles C1 to C5, the inter-
vehicle relative speeds L’1 to L’4 between the vehicles C1 to C5, and the acceleration instruction values u2 to u5 of the
vehicles C2 to C5. Thus, even in a case where any one of the vehicles C1 to C5 encounters a disturbance during row
running, the four succeeding vehicles C2 to C5 are moved in unison to stabilize the distance between the vehicles,
thereby smoothly causing the error between the vehicles to converge. Thus, according to the row running control system
1, it is possible to realize row running resistant to a disturbance that disturbs the inter-vehicle distance or the inter-vehicle
relative speed between the vehicles of the respective vehicles C1 to C5.
[0052] Furthermore, in the evaluation function J, a designer sets the weights εL, εdL, εu to be divided into each of a
term set in consideration of the inter-vehicle errors L1 to L4, a term set in consideration of the inter-vehicle relative speeds
L’1 to L’4, and a term set in consideration of the acceleration instruction values u2 to u5, whereby it is possible to realize
row running control in which factors of the stability of the inter-vehicle distance, a reduction in relative speed between
the vehicles, and energy conservation of the acceleration and the deceleration are weighted by degree of importance
of a desired distribution.
[0053] Next, the description will be given of the results of simulations performed by the inventors so that the disturbance
stability of the running states of the vehicles C1 to C5 according to the row running control system 1 can be evaluated,
based on FIGS. 5 to 10.
[0054] The inventors obtained the inter-vehicle errors L1 to L4, and the inter-vehicle relative speeds L’1 to L’4 and the
accelerations a1 to a5, in a case where a predetermined disturbance is added to the row, in the row running control of
the vehicles C1 to C5 according to the row running control system 1, through the simulation. Furthermore, the inventors
also performed the same simulation on row running according to two types of two controls of the related art as a
comparison target. The two types of controls of the related art included a row running control (see FIG. 5D; hereinafter,
referred to as "first past control") using a model in which the vehicles C1 to C5 were joined by a spring damper shock
absorbing unit in series, and a row running control (see FIG. 6D: hereinafter, referred to as "second past control") using
a model in which the respective succeeding vehicles C2 to C5 were arranged in parallel and were joined to the vehicle
C1 by the spring damper shock absorbing unit. As shown in FIGS. 5D and 6D, the spring damper shock absorbing units
of this model are units in which a spring k is joined to a damper c in parallel.
[0055] FIG. 5 shows the inter-vehicle errors L1 to L4 (FIG. 5A), the inter-vehicle relative speeds L’1 to L’4(FIG. 5B),
and the accelerations a1 to a5 (FIG. 5C) of the respective vehicles C1 to C5 in a case where the row entered an unknown
road gradient of 1 deg during normal running at 15 km/h in the first past control.
[0056] Furthermore, FIG. 6 shows the inter-vehicle errors L1 to L4(FIG. 6A), the inter-vehicle relative speeds L’1 to L’4
(FIG. 6B), and the accelerations a1 to a5 (FIG. 6C) of the respective vehicles C1 to C5 in a case where the row entered
an unknown road gradient under the same conditions as above in the second past control.
[0057] In contrast to this, FIG. 7 shows the inter-vehicle errors L1 to L4 (FIG. 7A), the inter-vehicle relative speeds L’1
to L’4(FIG. 7B), and the accelerations a1 to a5 (FIG. 7C) of the respective vehicles C1 to C5 in a case where the row
entered an unknown road gradient under the same condition as above, in the row running control according to the row
running control system 1.
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[0058] Furthermore, FIG. 8 shows the inter-vehicle errors L1 to L4 (FIG. 8A), the inter-vehicle relative speeds L’1 to
L’4 (FIG. 8B), and the accelerations a1 to a5 (FIG. 8C) of the respective vehicles C1 to C5 in a case where an impulse-
like disturbance of 0.1G was applied to the vehicle C3 while the row normally ran at 100 km/h, in the first past control.
[0059] Moreover, FIG. 9 shows the inter-vehicle errors L1 to L4 (FIG. 9A), the inter-vehicle relative speeds L’1 to L’4
(FIG. 9B), and the accelerations a1 to a5 (FIG. 9C) of the respective vehicles C1 to C5 in a case where an impulse-like
disturbance was applied under the same condition as above, in the second past control.
[0060] In contrast to this, FIG. 10 shows the inter-vehicle errors L1 to L4(FIG. 10A), the inter-vehicle relative speeds
L’1 to L’4(FIG. 10B), and the accelerations a1 to a5 (FIG. 10C) of the respective vehicles C1 to C5 in a case where an
impulse-like disturbance was applied under the same condition as above, in the row running control according to the
row running control system 1.
[0061] In addition, the scales of the longitudinal axes of FIGS. 5A to 10A showing the inter-vehicle errors L1 to L4 are
all the same, the scales of the longitudinal axes of FIGS. 5B to 10B showing the inter-vehicle relative speeds L’1 to L’4
are all the same, and the scales of the longitudinal axes of FIGS. 5C to 10C showing the accelerations a1 to a5 are all
the same. Furthermore, the scales of the horizontal axes of each drawing showing the time are held in common.
[0062] Hereinafter, the simulation result will be considered while comparing FIGS. 5 to 10.
[0063] In a case where the row receives an unknown gradient disturbance such as at the time of starting of the
aforementioned road gradient, upon comparing FIGS. 5A, 6A and 7A, it is understood that, in the row running control
(FIG. 7A) according to the row running control system 1, as compared to the first and second past controls (FIGS. 5A
and 6A), the inter-vehicle errors L1 to L4 are small and the inter-vehicle errors L1 to L4 are not amplified.
[0064] Furthermore, upon comparing FIGS. 5B, 6B and 7B, it is understood that, in the row running control (FIG. 7B)
according to the row running control system 1, as compared to the first and second past controls (FIGS. 5B and 6B),
the convergence of the inter-vehicle relative speeds L’1 to L’4 is rapid.
[0065] Furthermore, upon comparing FIGS. 5C, 6C and 7C, it is understood that, in the row running control (FIG. 7C)
according to the row running control system 1, as compared to the first and second past controls (FIGS. 5C and 6C),
the accelerations a1 to a5 are small and the running is smooth.
[0066] In this manner, in the row running control according to the row running control system 1, an effect is obtained,
in which all the succeeding vehicles C2 to C5 are moved in unison relative to the disturbance to stabilize the inter-vehicle
distance, thereby causing the inter-vehicle error to converge smoothly, the accelerations a1 to a5 of the vehicles C1 to
C5 are small, and the running is smooth.
[0067] Furthermore, in a case where the row receives the aforementioned impulse-like disturbance, upon comparing
FIGS. 8A, 9A and 10A, it is understood that, in the row running control (FIG. 10A) according to the row running control
system 1, as compared to the first and second past controls (FIGS. 8A and 9A), the inter-vehicle errors L1 to L4 are
small, and the inter-vehicle errors L1 to L4 are not amplified.
[0068] Furthermore, upon comparing FIGS. 8B, 9B and 10B, it is understood that, in the row running control (FIG.
10B) according to the row running control system 1, as compared to the first and second past controls (FIGS. 8B and
9B), the convergence of the inter-vehicle relative speeds L’1 to L’4 is rapid.
[0069] Furthermore, upon comparing FIGS. 8C, 9C and 10C, it is understood that, in the row running control (FIG.
10C) according to the row running control system 1, as compared to the first and second past controls (FIGS. 8C and
9C), the accelerations a1 to a5 are small and the running is smooth.
[0070] In this manner, in the row running control according to the row running control system 1, an effect is obtained,
in which all the succeeding vehicles C2 to C5 are moved in unison even to the disturbance encountered by only the
vehicle C3 to stabilize the inter-vehicle distance, thereby causing the inter-vehicle error to converge smoothly.
[0071] As mentioned above, according to the row running control by the row running control system 1, it was shown
that row running can be realized which has high stability of inter-vehicle distance and the inter-vehicle relative speed
relative to a disturbance, and is also advantageous for the energy conservation due to low acceleration and deceleration.

(Second Embodiment)

[0072] Next, a second embodiment of a row running control system according to the present invention will be described.
The physical configuration of a row running control system 201 of the present embodiment is the same as that of the
row running control system 1 as shown in FIG. 1, and thus repeated description will be omitted.
[0073] According to the aforementioned row running control system 1, even when the disturbance is added to the lead
vehicle C1. since the movement alone of the succeeding vehicles C2 to C5 is used to compensate for the disturbance,
in this case, an excessive load may be applied to the succeeding vehicles C2 to C5.
[0074] Thus, the row running control system 201 is different from the row running control system 1 in which the running
states of only the succeeding vehicles C2 to C5 are controlled in that the running states of all of the five constituent
vehicles C1 to C5 are controlled. That is, in the row running control system 201, the control intervenes in the running
states of all the constituent vehicles C1 to C5 including the running state of the lead vehicle C1. In this case, a target
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acceleration instruction value u0 of the lead vehicle C1 is manually determined by a driver or is automatically determined
based on a predetermined running schedule or the like.
[0075] In the row running control system 201, the acceleration instruction value vector uc in the state space equation
(1) is a vector including five acceleration instruction values u1 to u5 of all the vehicles C1 to C5 and is represented as below.

Moreover, the acceleration instruction value vector uc is represented by equation (5) as below. 

In addition, Bff in the equation (5) is a vector different from Bff in the aforementioned equation (2).
Herein, the feedback gain matrix K is a matrix of 13 rows x 5 columns.
Furthermore, the evaluation function J becomes equation (6) as below. 

Moreover, as in the case of the row running control system 1, by obtaining the feedback gain matrix K2 that minimizes
the evaluation function J of the equation (6), the acceleration instruction value vector uc (that is, a group of the acceleration
instruction values u1 to u5) is obtained which minimizes the evaluation function J.
[0076] Next, the specific process to be performed by the row running control system 201 of the respective vehicles
C1 to C5 will be described with reference to the flow chart. The vehicle control ECU 10 of the row running control system
201 of all the vehicles C1 to C5 performs the process described below in parallel, respectively.
[0077] Firstly, at the point of time when the constituent vehicles C1 to C5 constituting the row are determined, similarly
to the case of the row running control system 1 (see FIG 3), the vehicle control ECU 10 of the respective vehicles C1 to
C5 obtains the feedback gain matrix K2 and records the same in the information memory portion 10a.
[0078] Next, during row running, as shown in FIG. 11, the vehicle control ECU 10 acquires the front inter-vehicle
distances, the rear inter-vehicle distances, the vehicle speeds, and the accelerations of the four other vehicles by means
of the inter-vehicle communication (S201). Next, the front inter-vehicle distance, the rear inter-vehicle distance, the
vehicle speed, and the acceleration of the subject vehicle are acquired from the sensor groups 21a to 24a of the subject
vehicle (S203). By means of the process, the vehicle control ECU 10 acquires the front inter-vehicle distances, the rear
inter-vehicle distances, the vehicle speeds, and the accelerations of all the vehicles C1 to C5, calculates the accelerations
a1 to a5, the inter-vehicle errors L1 to L4, and the inter-vehicle relative speeds L’1 to L’4 based on the acquired information,
and can obtain the state vector x.
[0079] Next, in the above equation (6), the target acceleration instruction value u0 of the lead vehicle C1 is set to feed
forward (S221), and the feedback gain matrix K2 is read from the information memory portion 10a (S223). Moreover,
the acceleration instruction value vector uc is calculated based on the target acceleration instruction value u0 and the
state vector x using the feedback gain matrix K2, and the feedback control instruction values u1 to u5 are obtained (S225).
[0080] Then, the vehicle control ECU 10 of the vehicles C1 to C5 transmits an acceleration instruction value un (for
example, the acceleration instruction value u3 if the subject vehicle is the vehicle C3, and the acceleration instruction
value u4 if the subject vehicle is the vehicle C4) of the subject vehicle from among the calculated acceleration instruction
values u1 to u5 to the engine control ECU 31 and the brake control ECU 32 (S231). Moreover, the engine control ECU
31 operates the throttle actuator 31 a based on the received acceleration instruction value un, and the brake control
ECU 32 operates the brake actuator 32a based on the received acceleration instruction value un (S233). The processes
of S201 to S233 of FIG. 11 as above are repeated during row running. By means of these processes, the decelerations
and the accelerations of the five succeeding vehicles C1 to C5 are controlled, whereby the row running of the five vehicles
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C1 to C5 is accomplished.
[0081] As described above, the row running control system 1 to be mounted on the respective vehicles C1 to C5
acquires the accelerations a1 to a5, the inter-vehicle errors L1 to L4, and the inter-vehicle relative speeds L’1 to L’4
concerning all the vehicles C1 to C5 in the row. Moreover, a group of the acceleration instruction values u1 to u5 for all
the succeeding vehicles C1 to C5 is determined by the LQ control using the state vector x that includes the acquired
accelerations a1 to a5, the inter-vehicle errors L1 to L4, and the inter-vehicle relative speeds L’1 to L’4 as elements thereof.
Moreover, the row running control system 1 of the respective vehicles C1 to C5 adopts the acceleration instruction value
un concerning the subject vehicle Cn among the determined acceleration instruction values u1 to u5, and the engine
control ECU 31 and the brake control ECU 32 operate the throttle actuator 31a and the brake actuator 32a based on
the acceleration instruction value un.
[0082] According to the row running control system 201, even in a case where any one of the vehicles C1 to C5
encounters the disturbance during row running, all the five vehicles C1 to C5 are moved in unison to stabilize the distance
between the vehicles, thereby causing the error between the vehicles to converge smoothly. Thus, according to the row
running control system 201, it is possible to realize row running resistant to a disturbance that disturbs the inter-vehicle
distance or the inter-vehicle relative speed between the vehicles of the respective vehicles C1 to C5.
[0083] Next, the description will be given of the results of simulations performed by the inventors so that the disturbance
stability of the running states of the vehicles C1 to C5 according to the row running control system 201 could be evaluated.
[0084] FIG. 12 shows the inter-vehicle errors L1 to L4(FIG. 12A), the inter-vehicle relative speeds L’1 to L’4(FIG. 12B),
and the accelerations a1 to a5 (FIG. 12C) of the respective vehicles C1 to C5 in a case where the row entered an unknown
road gradient of 1 deg while the row normally ran at 15 km/h in the row running control according to the row running
control system 201. That is, in this simulation, the same disturbance as FIGS. 5 and 7 was applied to the row. Furthermore,
the scale of the longitudinal axis of FIG. 12A showing the inter-vehicle errors L1 to L4 is the same as those of FIGS. 5A
and 7A, the scale of the longitudinal axis of FIG. 12B showing the inter-vehicle relative speeds L’1 to L’4 is the same as
those of FIGS. 5B and 7B, and the scale of the longitudinal axis of FIG. 12C showing the accelerations a1 to a5 is the
same as those of FIGS. 5C and 7C. Furthermore, the scales of the horizontal axis of FIGS. 12A to 12C showing the
time are the same as FIGS. 5 and 8.
[0085] Herein, when comparing FIGS. 7A and 7B with FIGS. 12A and 12B, respectively, it can be understood that, in
the row running control system 201, variations in inter-vehicle error and inter-vehicle relative speed were small, but only
slightly so, as compared to the row running control system 1. Furthermore, when comparing FIG. 7C with FIG. 12C, it
can be understood that, in the row running control system 201, a variation in acceleration is particularly small as compared
to the row running control system 1. As shown in FIG. 12C, in the row running control system 201, after the lead vehicle
C1 is decelerated by the start of the gradient, the lead vehicle C1 changes to an accelerating state due to the fact that
the inter-vehicle distance between the lead vehicle C1 and the succeeding vehicle C2 is narrowed. For this reason, a
control is provided which does not cause too much deceleration of the entire row. In this manner, according to the row
running control system 201, in addition to the working effect by the row running control system 1, it was shown that
smooth running with little acceleration and deceleration can be realized.

(Third Embodiment)

[0086] Next, a third embodiment of a row running control system according to the present invention will be described.
As shown in FIG. 13, a row running control system 301 of the present embodiment further includes an operation switch
29a, in addition to the row running control system 1. The operation switch 29a is connected to the vehicle control ECU
10 via the communication sensor system CAN 20. The operation switch 29a receives the selection operation by a driver
and transmits the operation to the vehicle control ECU 10 as an electric signal.
[0087] In the row running control system 301, the operation switch 29a (see FIG. 13), for example in the lead vehicle
C1, can selectively switch between whether the running states of four succeeding vehicles C2 to C5 are controlled (called
"a first type of control"), as in the row running control system 1, or the running states of all the vehicles C1 to C5 are
controlled (called "a second type of control"), as in the row running control system 201. The control type selection
information showing which type of control is selected in the operation switch 29a of the lead vehicle C1 is shared by all
the vehicles C1 to C5 by means of inter-vehicle communication.
[0088] Next, the specific process to be performed by the row running control system 301 of the respective vehicles
C1 to C5 will be described with reference to the flow chart. The vehicle control ECU 10 of the row running control system
301 of all the vehicles C1 to C5 performs the process described below in parallel, respectively.
[0089] At the point of time when the constituent vehicles C1 to C5 constituting the row are determined, the vehicle
control ECU 10 calculates both of the feedback gain matrix K1 used in the first type of control and the feedback gain
matrix K2 used in the second type of control based on the vehicle specification information of all the vehicles C1 to C5
and records the matrices on the information memory portion 10a.
[0090] Moreover, during row running, as shown in FIG. 14, the vehicle control ECU 10 performs the processes S101
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and S103 and then decides which type of control is selected based on the control type selection information (S305).
[0091] Herein, the vehicle control ECU 10 performs the processes S111, S 113, and S115 when the first type of control
is selected, and performs the processes S221, S223, and S225 when the second type of control is selected. Then, the
vehicle control ECU 10 performs the process S131, and the engine control ECU 31 and the brake control ECU 32 perform
the process S133. The processes S101 to S133 of FIG. 14 are repeated during row running. In addition, in FIG. 14, the
same or equivalent processes as those of FIG. 4 or FIG. 11 are denoted by the same reference numerals, and repeated
descriptions are omitted. According to the processes as above, it is possible to selectively perform the first or second
type of control by the operation of the operation switch 29a of the lead vehicle C1 by means of the intention of the driver
of the lead vehicle C1. Furthermore, in this case, the control type may be selected by any one operation switch 29a of
other vehicles C2 to C5 without being limited to the operation switch 29a of the lead vehicle C1.

(Fourth Embodiment)

[0092] Next, a fourth embodiment of a row running control system according to the present invention will be described.
The physical configuration of a row running control system 401 of the present embodiment is the same as that of the
row running control system 1 as shown in FIG. 1, and thus repeated description will be omitted.
[0093] In the aforementioned row running control system 201, the control also intervenes in the running state of the
lead vehicle C1. However, the lead vehicle C1 needs to stably perform the running while understanding the relationship
between the vehicle and the environment, such as obstruction. For example, the obstructions to the lead vehicle C1
include a preceding vehicle other than one in the row running in front, or obstructions other than vehicles that are present
in the environment. Thus, in some cases, it is desirable that the control does not excessively intervene in the running
state of the lead vehicle C1 depending on the environmental situation of the lead vehicle C1. For example, in a case
where there is an obstruction in a position relatively close to the lead vehicle C1, since it is natural that risk management
with respect to the obstruction takes precedence over the row running in the lead vehicle C1. the extent to which the
control intervenes in the running state of the lead vehicle C1 needs to be reduced as compared to a case where there
are no obstructions.
[0094] In view of the above, in the row running control system 401 of the present embodiment, the extent to which the
control intervenes in the running state of the lead vehicle C1 is changed depending on the forward risk of the lead vehicle C1.
[0095] Specifically, in the row running control system 401, the row running control is performed using an evaluation
function J shown in equation (7) as below instead of the evaluation function J of the equation (7) in the aforementioned
row running control system 201. 

However, when indicating a TTC (Time to Collision; a collision prediction time) of the lead vehicle C1by TTC1, εu1 of the
equation (7) is indicated by εu1 = f (TTC1). That is, εu1 is a function of TTC1, and the relationship between εu1 and TTC1
is, for example, indicated by a graph of FIG. 15.
[0096] In the factor of the acceleration instruction value u1 of the lead vehicle C1 and in the factors of the acceleration
instruction values u2 to u5 of the succeeding vehicles C2 to C5 of the equation (7), separate weights εu1 and εu25 are
set, respectively. That is, it is possible to adjust the balance between the extent to which the control intervenes in the
acceleration instruction value u1 of the lead vehicle C1 and the extent to which the control intervenes in the acceleration
instruction values u2 to u5 of the succeeding vehicles C2 to C5, by distributing the weights εu1 and εu25 included in the
evaluation function J. In addition, since εu1 is a function of TTC1, the extent to which the control intervenes in the
acceleration instruction value u1 of the lead vehicle C1 is changed based on the TTC of the lead vehicle C1. That is, in
the LQ control that uses the evaluation function J, as shown in FIG. 15, the higher the TTC of the lead vehicle C1 (the
risk of the collision is low), the higher the εu1, and thus, the extent of the intervention of the control to the acceleration
instruction value u1 of the lead vehicle C1 is increased. Moreover, the lower the TTC of the lead vehicle C1 (the risk of
the collision is high), the lower the εu1, and thus, the extent of the intervention of the control to the acceleration instruction
value u1 of the lead vehicle C1 is decreased. Furthermore, when the TTC of the lead vehicle C1 is equal to or less than
a predetermined scope, εu1 is zero, and the control does not intervene in the acceleration instruction value u1 of the lead
vehicle C1.
[0097] In addition, TTC means a prediction time until a vehicle collides with a front obstruction (for example, a vehicle
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running in the front), and TTC of the lead vehicle C1 can be calculated as a value that divides the distance from the lead
vehicle C1 to the front obstruction by the relative speed between the lead vehicle C1 and the front obstruction.
[0098] Next, a specific process to be performed by the row running control system 401 of the respective vehicles C1
to C5 will be described with reference to the flow chart. The vehicle control ECU 10 of the row running control system
401 of all the vehicles C1 to C5 performs a process described below in parallel, respectively.
[0099] Firstly, as shown in FIG. 16, the vehicle control ECU 10 of the lead vehicle C1 calculates the TTC in the lead
vehicle C1 and transmits the same to the succeeding vehicles C2 to C5 as the head vehicle TTC information by an inter-
vehicle communication (S401). Herein, the vehicle control ECU 10 of the lead vehicle C1 calculates the TTC, for example,
based on the vehicle speed information of the preceding vehicle obtained by the inter-vehicle communication from a
preceding vehicle running in front, the inter-vehicle distance information between the subject vehicle and the preceding
vehicle obtained by the front inter-vehicle distance sensor 21a, and the vehicle speed information of the subject vehicle
C1 obtained by the vehicle speed sensor 23a. By means of the calculation of the TTC information and the transmission
thereof to the succeeding vehicles C2 to C5 by the lead vehicle C1, the front vehicle TTC information is shared by all the
vehicles C1 to C5.
[0100] Next, the vehicle control ECU 10 acquires the front inter-vehicle distances, the rear inter-vehicle distances, the
vehicle speeds, and the accelerations of the four other vehicles by means of the inter-vehicle communication (S403).
Next, the front inter-vehicle distance, the rear inter-vehicle distance, the vehicle speed, and the acceleration of the subject
vehicle are acquired from the sensor groups 21a to 24a of the subject vehicle (S405). By means of the process, the
vehicle control ECU 10 acquires the front inter-vehicle distances, the rear inter-vehicle distances, the vehicle speeds,
and the accelerations of all the vehicles C1 to C5, calculates the accelerations a1, to a5, the inter-vehicle errors L1, to
L4, and the inter-vehicle relative speeds L’1 to L’4 based on the acquired information, and can obtain the state vector x.
[0101] Next, the vehicle control ECU 10 determines εu1 from the relationship shown in FIG. 15 based on the TTC
information of the lead vehicle (S407). Moreover, the determined εu1 is applied to the aforementioned equation (7),
thereby allowing calculation of a feedback gain matrix K4 that minimizes the evaluation function J of the equation (7)
(S409). Moreover, in the aforementioned equation (5), the target acceleration instruction value u0 of the lead vehicle C1
is set to feed forward (S411), the acceleration instruction value vector uc is calculated based on the acceleration instruction
value u0 and the state vector x using the calculated feedback gain matrix K4, and the feedback control instruction values
u1 to u5 are obtained (S413).
[0102] Then, the vehicle control ECU 10 of the vehicles C1 to C5 transmits an acceleration instruction value un (for
example, the acceleration instruction value u3 if the subject vehicle is the vehicle C3, and the acceleration instruction
value u4 if the subject vehicle is the vehicle C4) of the subject vehicle among the calculated acceleration instruction
values u1 to u5 to the engine control ECU 31 and the brake control ECU 32 (S415). Moreover, the engine control ECU
31 operates the throttle actuator 31 a based on the received acceleration instruction value un, and the brake control
ECU 32 operates the brake actuator 32a based on the received acceleration instruction value un (S417). The processes
of S401 to S417 of FIG. 16 as above are repeated during row running.
[0103] According to the row running control system 401 described above, the intervention amount of the row running
control to the lead vehicle C1 is automatically adjusted depending on the forward risk to the lead vehicle C1. For example,
according to the relationship between the lead vehicle TTC and εu1 shown in FIG. 15 as an example, in a situation where
the TTC of the lead vehicle C1 is low (that is, the forward risk to the head vehicle is high), εu1 is zero or a sufficiently
small value, and the intervention amount of the control to the lead vehicle C1 can be zero or sufficiently decreased. Thus,
for example, it is possible to avoid demand for high acceleration and deceleration by the row running control in the lead
vehicle C1, when the inter-vehicle distance between the vehicle and other vehicles in front of the lead vehicle C1 is small
and the front risk is high.

(Fifth Embodiment)

[0104] Next, a fifth embodiment of a row running control system according to the present invention will be described.
The physical configuration of a row running control system 501 of the present embodiment is the same as that of the
row running control system 1 as shown in FIG. 1, and repeated description will be omitted.
[0105] A major object of row running of the vehicles is an improvement in fuel efficiency. Elements to be considered
for an improvement in fuel efficiency in the row running are classified broadly into two elements of reducing the acceleration
and the deceleration of the respective vehicles C1 to C5 and stably maintaining the respective inter-vehicle distances to
be short to reduce air resistance. Herein, since air resistance is proportional to the square of the vehicle speed, the
efficiency of air resistance reduction greatly depends on the vehicle speed. That is, in order to effectively promote an
improvement in fuel efficiency, as the vehicle speed of the row running is increased, the efficiency of air resistance
reduction due to the inter-vehicle distance stability is considered important, and as the vehicle speed is decreased, the
efficiency of the acceleration and deceleration reduction of the vehicle is considered important.
[0106] In view of this knowledge, in the row running control system 501 of the present embodiment, in the row running
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control, there is a configuration such that the balance distribution between the elements of the acceleration and decel-
eration reduction of the vehicle and the element of the inter-vehicle distance stability of the vehicle is changed depending
on the vehicle speeds of the vehicles C1 to C5.
[0107] Specifically, in the aforementioned row running control system 201, the row running control system 501 is a
system in which the weights εu and εL of the evaluation function J of the equation (6) are changeable depending on the
vehicle speed. That is, the weights εu and εL are set in the factor concerning the acceleration instruction values u1 to u5
of the vehicles C1 to C5 and in the factor concerning the inter-vehicle error L1 to L4 of the equation (6), respectively.
Thus, it is possible to adjust the balance between an element of the acceleration and deceleration reduction of the vehicle
and an element of the inter-vehicle distance stability of the vehicle in the row running control by distributing the weights
εu and εL.
[0108] Thus, the weights εu and εL are set as functions of the vehicle speed V shown in FIG. 17. That is, the smaller
the vehicle speed V, the higher the εu and the smaller the εL, and the higher the vehicle speed V, the smaller the εu and
the higher the εL. Using the weights εu and εL, in the LQ control that uses the evaluation function J, the lower the vehicle
speed of the row running, the element of acceleration and deceleration reduction of the vehicle is considered to be of
relative importance, and the higher the vehicle speed of the row running, the greater the relative importance of the
element of the inter-vehicle distance stability of the vehicle. In this manner, the weights εu and εL corresponding to the
vehicle speed V are automatically set, whereby the row running control is carried out in which the element of the
acceleration and deceleration reduction of the vehicle and the element of the inter-vehicle distance stability of the vehicle
are given importance by a suitable balance corresponding to the vehicle speed of the row running.
[0109] Next, the specific process to be performed by the row running control system 501 of the respective vehicles
C1 to C5 will be described with reference to the flow chart. The vehicle control ECU 10 of the row running control system
501 of all the vehicles C1 to C5 performs the process described below in parallel, respectively.
[0110] Firstly, as shown in FIG. 18, the vehicle control ECU 10 acquires the front inter-vehicle distances, the rear inter-
vehicle distances, the vehicle speeds and the accelerations of four other vehicles by means of the inter-vehicle com-
munication (S503). Next, the front inter-vehicle distance, the rear inter-vehicle distance, the vehicle speed, and the
acceleration of the subject vehicle are acquired from the sensor groups 21a to 24a of the subject vehicle (S505). By
means of the process, the vehicle control ECU 10 acquires the front inter-vehicle distances, the rear inter-vehicle dis-
tances, the vehicle speeds, and the accelerations of all the vehicles C1 to C5, calculates the accelerations a1 to a5, the
inter-vehicle errors L1 to L4, and the inter-vehicle relative speeds L’1 to L’4 based on the acquired information, and can
obtain the state vector x.
[0111] Next, the vehicle control ECU 10 determines εu and εL from the relationship shown in FIG. 17 based on the
vehicle speed V of the subject vehicle (S507). Moreover, the determined εu and εL are applied to the aforementioned
equation (6), thereby calculating a feedback gain matrix K5 that minimizes the evaluation function J of the equation (6)
(S509). Moreover, in the aforementioned equation (5), the target acceleration instruction value u0 of the lead vehicle C1
is set to feed forward (S511), the acceleration instruction value vector uc is calculated based on the acceleration instruction
value u0 and the state vector x using the calculated feedback gain matrix K5, and the feedback control instruction values
u1 to u5 are obtained (S513).
[0112] Then, the vehicle control ECU 10 of the vehicles C1 to C5 transmits an acceleration instruction value un (for
example, the acceleration instruction value u3 if the subject vehicle is the vehicle C3, and the acceleration instruction
value u4 if the subject vehicle is the vehicle C4) of the subject vehicle among the calculated acceleration instruction
values u1 to u5 to the engine control ECU 31 and the brake control ECU 32 (S515). Moreover, the engine control ECU
31 operates the throttle actuator 31a based on the received acceleration instruction value un, and the brake control ECU
32 operates the brake actuator 32a based on the received acceleration instruction value un (S517). The processes of
S501 to S517 of FIG. 18 as above are repeated during row running.
[0113] According to the row running control system 501 described above, when the vehicles C1 to C5 constituting the
row runs at high speeds, even if energy loss due to the acceleration and the deceleration of the vehicles C1 to C5 is
slightly increased, row running is carried out in which the inter-vehicle errors L1 to L4 are suppressed in order that the
element of the air resistance reduction be considered as important. On the contrary, when the vehicles C1 to C5 run at
low speeds, even if the inter-vehicle errors L1 to L4 are slightly increased, row running is carried out in which the element
of the acceleration and deceleration reduction of the vehicles C1 to C5 are considered important. In this manner, according
to the row running control system 501, a row running control is performed in which the element of the acceleration and
deceleration reduction of the vehicle and the element of the inter-vehicle distance stability of the vehicle are considered
by the balance based on the speed of the row running, whereby an improvement in fuel efficiency can be effectively
promoted.
[0114] In addition, the present invention is not limited to the aforementioned first to fifth embodiments. For example,
in the first to fifth embodiments, the respective row running control systems included in the respective vehicles C1 to C5
independently perform the overlapped calculation processes in parallel, respectively. However, any one of the vehicles
C1 to C5 or the row running control system of one vehicle may perform the aforementioned calculation process to calculate
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the acceleration instruction values u2 to u5 (or the acceleration instruction values u1 to u5), and then transmit the calculation
result to the respective other vehicles by means of the inter-vehicle communication. However, the method in which the
respective row running control systems included in the respective vehicles C1 to C5 individually perform the calculation
process, respectively, is excellent in that delays due to the inter-vehicle communication does not occur. Furthermore,
the respective row running control system included in the respective vehicles C1 to C5 may individually perform the
calculation process, respectively, and exchange the calculation results through inter-vehicle communication to each
other, thereby performing cross-checking of the calculation results.
[0115] Furthermore, for example, although, in the second embodiment, the acceleration instruction values u1 to u5 of
all the five vehicles C1 to C5 are included in the evaluation function J of the equation (6), at least one of the acceleration
instruction values u1 to u5 may be included in the evaluation function J. For example, when there is a situation where it
is not desired that the control intervene in some of the vehicles C1 to C5, the acceleration instruction value un of the
vehicle for which intervention of the control is not desired may be excluded from the equation of the evaluation function
J. For example, when the vehicle C3 is a VIP vehicle, by removing u3

2 concerning the acceleration instruction value of
the vehicle C3 from the right side of the equation (6), the control does not intervene in the running state of the vehicle
C3, and it is possible to avoid a demand for excessive acceleration and deceleration in the vehicle C3 as the VIP vehicle.
[0116] Furthermore, in the first to fifth embodiments, cases have been described where the row running is performed
by five vehicles C1 to C5 as an example. However, it is apparent that row running by any arbitrary number of vehicles
can be realized without being limited to five in imitation of the row running control in the first to fifth embodiments.

Industrial Applicability

[0117] The present invention relates to a row running control system that controls the running states of the respective
vehicles so that a plurality of vehicles runs in a row, and improves the disturbance stability of row running.

Claims

1. A row running control system that controls running states of each vehicle so that a plurality of vehicles runs in a row,
wherein running control amount of at least a part of constituent vehicles of constituent vehicles constituting the row
is determined as a running control amount which minimizes a predetermined evaluation value, and
wherein the predetermined evaluation value is calculated based on a value concerning a relative relationship between
the respective constituent vehicles and a value concerning a running control amount of at least one constituent
vehicle of the constituent vehicles.

2. The row running control system according to Claim 1,
wherein the predetermined evaluation value is a value that is calculated by performing a weighting on each of the
values concerning the relative relationship between the respective constituent vehicles and the value concerning
the running control amount of at least one constituent vehicle of the constituent vehicles.

3. The row running control system according to Claim 1 or 2,
wherein the value concerning the relative relationship between the constituent vehicles includes at least one of
errors of respective inter-vehicle distances between the vehicle and an immediately preceding constituent vehicle
in the respective constituent vehicles or respective relative speeds between the vehicle and the immediately pre-
ceding constituent vehicle in the respective constituent vehicles.

4. The row running control system according to any one of Claims 1 to 3,
wherein at least a part of the constituent vehicles includes a lead vehicle in the row.

5. The row running control system according to Claim 4,
wherein the value concerning the running control amount of at least one constituent vehicle is a value that is calculated
by performing a weighting on each of an target running control amount of the lead vehicle and the running control
amounts of the succeeding vehicles other than the lead vehicle, and
wherein weights in the weighting are determined based on a positional relationship between the lead vehicle and
an obstruction that exists ahead of the lead vehicle.

6. The row running control system according to any one of Claims 3 to 5,
wherein the predetermined evaluation value is a value that is calculated by performing a weighting on each of errors
of the respective inter-vehicle distances between the vehicle and the immediately preceding vehicle in the respective
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constituent vehicles and the running control amount of at least one constituent vehicle of the constituent vehicles, and
wherein weights in the weighting are determined based on the running speeds of the respective constituent vehicles.

7. A vehicle comprising the row running control system according to any one of Claims 1 to 6.
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