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VEHICULAR DRIVING ASSIST APPARATUS, METHOD, AND VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to driving assist apparatus and method for a vehicle,

and a vehicle.

2. Description of the Related Art

_[0002] In recent years, a variety of driving assist apparatuées have been
developed to reduced the load on the driver. One such driving assist apparatus is an
~ apparatus that controls the speed of the host vehicle to a target speed, for example. The
apparatus described in Japanese Patent Application Publication No. 2007-176355
(JP-A-2007-176355) calculates the speed of a group of vehicles based on the speeds of
ne'arby vehicles that are received by ?ehicle-to-vehicle communication, and controls the
speed of the host vehicle to match the speed of the group of vehicles. Incidentally, the
. speed of the group of vehicles is the average speed of the hearby vehicles.
| [0003] However, a vehicle traveling at a low speed within a group of vehicles
ahead has a greater affect on the actual flow of traffic than does the closest leading -
vehicle or the flow of an entire group of vehicles around the host vehicle. For example,
even if the host vehicle is traveling with the average speed.of tﬁe group of vehicles ahead
as the target speed, if there is a slow vehicle traveling at a slower speed than the average
‘speed within that group of vehicles, this slow vehicle may slow up vehicles behind it. In
this case, the host vehicle must also slow down to a speed equal to or slower than the
speed of the slow vehicle. That is, the host vehicle will end up decelerating to a speed
equal to or slower than the speed of the slow vehicle after having accelerated to the target
speed of the group of vehicles, i.e., needlessly accelerating and deéelerating, which

makes smooth driving difficult.
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SUMMARY OF THE INVENTION

[0004] The invention thus provides a vehicular driving assist apparatus and
method that calculate a target speed that suppresses needless acceleration and
deceleration, as well as a vehicle in which driving assist is performed based on the target
speed. |

[0005] A first aspect of the invention relates to a driving: assist apparatus for a
vehicle that includes an obtaining portion that obtains a speed of each of a plurality of
vehicles, and a target speed calculating portion that calculates a target speed based on a
ﬁlurality of speeds obtained by the obtaining portion and respective degrees of influence
of the plurality of speeds on thé target speed. The target speed calculating portion sets
the d.egree of influence of a lower speed to be larger than the degree of influence of a
higher spéed. _ |

[0006] With the driving assist appératus according to the first aspect 6f the
invention, the target speed is calculated such that the degree of influence is larger with the
speed of a vehicle that affects the traffic flow more (i.e., a slower vehicle). Therefore,
needless acceleration and deceleration when the vehicle is driven based on this target
speed is able to be suppressed. As a result, driving that is safe and suitable for the
traffic flow is possible. |

[0007] In the driving assist apparatus described above, the obtaining portion
may obtain information relating to a traveling tendency of each df the plurality of
vehicles in association with the speed, and the target speed calculating portlon may
change the degree of influence according to the traveling tendency.

[0008]  According to this driving assist apparatus, the appropriateness being
- pursued of the vehicles is able to be reflected in the target speed by calculating the target
speed according to the traveling tendencies of the vehicles. As a result, safety can be
increased and needless acceleration and deceleration can be further suppressed.

[0009] A second aspect_of the invention relates to a driving assist method for a

vehicle. This driving assist method includes obtaining a speed of each of a plurality of
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vehicles, and calculating a target speed based on a plurality of speeds and respective
degrees of influence of the plurality of speeds on the target speed, wherein the degree of
influence of a lower speed is set to be larger than a degree of influence of a higher speed.
[0010] A third aspect of the invention relates to a vehicle in which driving assist
is performed based on a target speed calcu.lated by the driving assist apparatus according
to the first aspect. |
| [0011] With the driving assist method according to the second aspect of the
invention and the vehicle according to the third aspect of the invention, a target speed is)
calculated such that the degree of influence is larger with a speéd of a vehicle that affects
the traffic flow more (i.e., a slower vehicle). As a result, needless acceleration and
deceleration when the vehicle is driven based on this target speed is able to be

-suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Tﬁe features, advantages, and technical and industrial significance of this
invention will be described in the follqwihg detailed description of example embodimeénts
of the invention with reference to the accompanying drawings, in which like numerals
~ denote like elements, and whefein:

FIG. 1 is a block diagram of an ACC system according to example embodiments of
the invention;

FIG. 2 is an example of a driving scene in which a host vehicle is approaching
congestion from behind; |

FIG. 3 is an example of a driving scene in whic;h the flow of vehicles around the
host vehicle is smooth;

FIG. 4 is a view of weighting given to reference vehicles;

FIG. 5 is a flowchart illustrating a traffic flow cruise control routine of a vehicle
control ECU according tlo a first example embodiment of the invention;

FIG 6 is a reference‘ chart of weighting based on the positions of the reference

vehicles;
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FIG. 7 is a flowchart illustrating a traffic flow cruise control routine of a vehicle
control ECU according to a second example embodiment of the invention; and
FIG. 8 is a traffic flow cruise control routine of a vehicle control ECU according to

a third example embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
‘ [0013] Hereinafter, example embodiments of the driving assist apparatus of the
invention will be described in greater detail below with reference to the accompanying
drawings. Incidentally, like or corresponding elements in the drawings will be denoted.
by like reference characters, and redundant descriptions of those elements will be
omitted.

[0014] In this example embodiment, the driving assist apparatus of the invention
is applied to an Adaptive Cruise Control (ACC) system provided in a vehicle capable of
vehicle-to-vehicle comfnunication and roadside-to-vehicle communication. The vehicle
‘in this example embodiment obtains information about other vehicles around the host
vehicle’ via Vehicle-‘to-vehiclé communication, and also obtains information from
infrastructure equipment (such as optical beacons) via® roadsidé-to-vehicle
communication. The ACC system of this example embodiment detects a leading
vehicle ahead of the host vehicle by -radar. If a leading vehicle is detected, the ACC
system performs control to follow the leading vehicle such that the inter-vehicle time to
the leading vehicle (i.e., the distance between vehicles; the inter-vehicle distance) comes
to match a target inter-vehicle time. 1If, on the other hand, a leading vehicle is not |
detected, the ACC system performs cruise control (i.e., normal cruise control‘ or traffic
flow cruise control) such that.the speed of the host vehicle comes to match a target speed. -
Hereinafter, three example embodiments, each with a different method of weighting
when calculating the target speed while traffic flow cruise control is béing performed,
will be described.

[0015] An ACC system 1 according to a first example embodiment will be
- described With reference to FIGS. 1 to 4. FIG. 1 is a block diagram of the ACC system
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according to this example embodiment. FIG 2 is an example of a driving scene in
which the host vehicle is approaching congestion from behind. FIG. 3 is an example of
a driving scene in which the flow of vehicles around the host vehicle is smooth, and FIG.
4 is a view of weighting given to reference vehicles.

[0016] The ACC system 1 normally performs cruise control based on a target
speed set by a driver. In particular, when informétion about other vehicles around the
host vehicle is obtained, the ACC system 1 calculates a target speed appropriate for the
traffic flow (i.e., the operating spéed) around the host vehicle obtained from the
information about the other vehicles, and performs cruise control based on the target
speed calculated by the ACC system 1.

[0017] Before describing the ACC system 1 in detail, the target speedl
appropriate for the traffic flow around the host vehicle will be described with reference to
FIGS. 2 and 3. The example shown in FIG. 2 is one in which there is congestion ahead
of the host vehicle, and the example shown in FIG. 3 is one in which the flow of vehicles
around the host vehicle is smooth. -

[0018] In the example shown in FIG. 2, the host vehicle MV is approaching
congestion from behind when cruise control is being performed at a high target speed on
. an expressway or the like. In this case, other vehicles OVyy, OV, ... ahead in the
c_:ohgestion are traveling at a low speed. On the other hand, the host vehicle MV will
normally continue to perform cruise control at the high target speed, and thus travel at a
high speed, until the other vehicle OVyo ahead enters the radar detection range RA.
Therefore, when host vehicle MV detects the other vehicle OVjy ahead by radar, the
relative speed between the host vehicle MV and the other vehicle OV ahead is
extremely large, so the speed of the host vehicle MV may not be appropriate for the
traffic flow ahead. In such a casé, the host vehicle MV must reduce the relative speéd
between the host vehicle MV and the traffic flow ahead in advance.

[0019] In the example shown in FIG. 3, when the host vehicle MV is traveling
according to cruise control at a relatively low target speed, the nearby vehicles

(particularly those ahead) travel smoothly. At this time, other vehicles OVzo,dOVzl,
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that are traveling ahead in the same lane as the host vehicle are traveling at a somewhat
higher speed than the target speed of the host vehicle MV. That is, the host vehicle MV
may not be adapting to the surrounding traffic flow (i.e., the operating speed). Also, if
the target speed of the host vehicle MV is too low, the host vehicle MV may actually
impede the _trayel of the trailing vehicles OV,3; and OVy4. In this case, the host vehicle
MYV needs to quickly adapt to the surrounding traffic flow (i.e., the operating speed).

[0020] Therefore, in this example embodiment, information about the speed and
the like is obtained from other vehicles around the host vehicle MV by vehicle-to-vehicle
communication that has a.wider communication range CA than the radar detection range
RA. Then a traffic flow-appropriate acceleration that acts to make the speed of the host
vehicle‘MV appropriate for the surrounding traffic flow (particularly ahead) (i.e., match
the operating speed) is obtained using the obtained speeds of the other vehicles, and the
target speed of the cruise control is changed according to. this traffic flow-appropriate
acceleration. In this way, when information is obtained from other vehicles by
vehicle-to-vehicle communication, the ACC system 1 changes the target speed according
to the traffic flow and performs cruise control to realize the target speed appropriate for
the traffic flow. In this example embodiment, this kind of control will be referred to as
traffic ﬂovy cruise control. - |

[0021] With this traffic flow cruise coﬁtrol, the next target speed Vig next iS
calculated according to Expression (1) using the current target speed Vig now and the
traffic flow-appropriate acceleration ac,. At in Expression (1) is the control cycle. -
"When the speed of the host vehicle is V and the speeds of the vehicles of which the
traveling states are referenced when obtaining the traffic flow-appropriate acceleration
are Vq, Vo, ..., the traffic flow-appropriate acceleration a.,, can be defined according to
| Expression (2). ¢, ¢y, ... in Expression (2) are the gain. |
Viginext = Vigtnow + envAt (1)
v =C(V=-V)+C(V-V)+... (2 ,

[0022] With the example shown in FIG. 2, in zone NC that is a zone before the

host vehicle MV reaches point Pjg and in which there are no other vehicles within the
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communication range CA (particularly ahead of the host vehicle) of vehicle-to-vehicle
communication, normal cruise control is performed based on a fixed target speed Vi set
by the driver. In zone TC that is a zone from after the host vehicle MV passes through
point Pyo until the host vehicle MV reaches point Py, and in which there are other vehicles
within the communication range CA of vehicle-to-vehicle communication, traffic flow
cruise control is berformed based on the target speed Vi, set by the ACC system 1.
More specifically, from the time that the host vehicle MV passes through point Py,
information transmitted from another vehicle OVj; capable of vehicle-to-vehicle
communication starts to be received, and a traffic flow-appropriate acceleration agqyig is
obtained based on the speed of the other vehicle OV;3. The target speed Vi is‘then
updated according to this traffic ﬂdw-appropriate acceleration aepy10. Assuming a
control model in which the host vehicle MV and the other vehicle OVy3 are connected by
a damper Cio, traffic flow cruise control based on the traffic ﬂoW-appropriate acceleration
aenvio 1S expressed as control that‘ decelerates the host vehicle MV by the damper Cyq
according to the relative speed between the host vehicle MV.and the other vehicle OV 3.
Moreover, from the time that the host vehicle MV passes through point P11,- information
transmitted from another vehicle OVy; c‘abable of vehicle-to-vehicle communication also
staﬁs to be received, and a traffic flow-appropriate acceleration a.,y;; is obtained based
on the sf)eed of the other vehicle QV13 and the speéﬂ_of the other vehicle OVy;. The
target speed Viy is then updated according to this traffic flow-appropriate acceleration
Aenvil- Assumihg a control model in which the host vehicle MV and the other vehicle
OV 13 are connected by the damper Cyo and a control model in which the host vehicle MV
and the other vehicle OVy; are connected by a damper Cy;, traffic flow cruise control
‘based on the traffic ﬂow-appropriate,acceleraﬁon Aenvil 1S expréssed as control that
decelerates the host vehicle MV by the damper Co according to the relative speed
between the host vehicle MV and the othér vehiéle OV 13 and decelerates the host vehicle
MYV by the damper C;; according to the relative speed between the host vehicle MV and
the other vehicle OVy;.  Then in zone FC that is a zone after the host vehicle MV passes

throﬁgh point Py2 and in which there is another vehicle OV;g within the radar detection
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range RA, lead vehicle following control is performed based on the target inter-vehicle
time. Incidentally, aftenuation coefficients of the dampers Cy9 and C;; correspond to the
gain in Expression (2) above.

[0023]  Also in the example shown in FIG. 3, similar to the example in FIG. 2,
ﬁormal cruise control is performed in zone NC, traffic flow cruise control is performed in
zone TC, and lead vehicle following control is performed in zone FC. More specifically,
in zone TC, from the time that the host vehicle MV passes throﬁgh point Py, information
transmitted from another vehicle OV;; capable of vehicle-to-vehicle commqnication
starts to be received, and a traffic flow-appropriate acceleration aenv20 1S obt_ained based
on the speed of the other vehicle OV,y. Then the target speed Vig is updated according
to this traffic ﬂow-appropiiate acceleration agpy20. Assuming a control model in which
the host vehicle MV and the other vehicle OV, are connected by a damper Cy, traffic
flow cruise contrel based on the traffic flow-appropriate acceleration a2 is expressed
as control that accelerates the host vehicle MV by the damper Cy according to the
relative speed between the host vehicle MV and the other vehicle OVy. Moreover,
from the time that the host vehicle MV passes through point P;, information transmitted
from another vehicle OV, capable of vehicle-to;vehicle communication also starts to be
received, and a traffic ﬂdw-appropriate acceleration aepy; is obtained based on the speed
of the other vehicle OV5; and the speed of the other vehicle OVa,. The target speed Vig
is then updated aecording to this traffic ﬂow-appropriate acceleration agnyz1. AsSuming
a control model in which the host vehicle MV and the other Vehicle OV;,; are connected
by the damper Cy and a control model in which the host vehicle MV and the other
vehicle OV, are connected by a damper C,;, traffic flow cruise control based on the
traffic flow-appropriate acceleration acuy2; is expressed as control that accelerates the host
vehicle MV by the damper Cyy according to the relative speed between the ﬁost vehicle
MV and the other vehicle OV2; and accelerates the host vehicle MV by the damper Cyy
according to the relative speed between the host vehicle MV and the other vehicle OVz,.
Incidentally, attenuation coefficients of the dampers Cy and Cy; correspond to the gain in

Expression (2) above.
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[0024] In particular, with the actual flow of traffic, the affect that a vehicle has
on the flow of a group of trailing vehicles increases as the vehicle travels at a lower spéed.
For example, assuming a case in which the operating speed of a group of vehicles ahead
is obtained as the average speed of the vehicles fqr which_information is able to be
obtained via vehicle-to-vehicle communication, a traffic flow-appropriate acceleration
such that the speed of the host vehicle comes to match the operating speed, and traffic
flow cruise control is performed, the host vehicle accelerates or decelerates to match the
operating speed (i.e., the average speed) of the grbup of vehicles ahead. However, if
there is a Slow‘vehiqle that is traveling at a lower speed than the operating speed within
the group of vehicles ahead, this slow vehicle will slow up the vehicles behind it, so the
host vehicle is also slowed up. As a result, the host vehicle must deéelerate. Therefore, ' |
when obtaining the traffic flow-appropriate acceleration (and thus the target speed for
traffic flow cruise control), more weight must be given to vehicles traveling at lower
' speedé (i.e., slow vehicles) am‘ong the other vehicles capable of obtaining information via
vehicle-to-vehicle communication. This is because a slower vehicle among the other
vehicles capable of obtaining information vié vehicle-to-vehicle communication affects
the traffic flow more. .

[0025] With the example shown in FIG. 4, of tﬁe other vehicles OVjg, ..., OV34
ahead of the host vehicle MV, three other vehicles OV3;, OVi3, and OV3g are vehicles
capable of vehicle-to-vehicle communication, so the speeds of these vehicles are able to
obtained by the host vehicle MV via vehicle-to-vehicle communication. For éxample, if
the speed of the other vehicle OVs3; is 100 km/h, the speed of the other vehicle OV3; is 50
km/h, and the speed of the other vehicle OV3g is 70 km/h, the other vehicle OV3; that is
traveling at 100 km/h will presumably catch up to the other Véhicle OV33 that is traveling
at 50 km/h and slow down. Therefore, the host vehicle MV that is trailing the other
vehicle OV3; will be also affected more by thé other vehicle OV3; than by the other
vehicles OV3; and OV36.  Therefore, th¢ traffic flow-appropriate» acceleratibh must be

obtained placing the greatest weight on the speed of the other vehicle OV3is.

[0026]  Expression (2) can be changed into Expressidn (3) using the speed V of
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the host vehicle and the reference speed Vs (fhat corresponds to the operating speed) of
the group of vehicles made up of reference vehicles of which the traveling states are
referenced when obtaining the traffic flow-appropriate acceleratibn. ¢ in Expression (3)
is the gain and is a value that is determined in advance through testing or the like. This
reference speed Vi can be calculated according to Expression (4) using the speeds Vi,
Vo, ..., V; of the reference vehicles. my, my, ..., m, in Expression (4) are weights (i.e.,
degrees of influence) given to respective reference vehicles, and are set to larger values
with more heavily weighted vehicles when obtaining the traffic flow-appropriate
acceleration. As shown in‘ Expression (5), the weights m;, my, ...-, m, are given values
between 0 and 1, sﬁch that the sum of the all weights is 1.
v =C1 (V-V1)+Cx(V-V)+...= C(V -Ve) (3
Ves=miVi + maVa + ... + m,V, | 4)
m+m+..+mp=1 (5) A

[0027] Now each part of the ACC system 1 will be described in detail. The
ACC éystem 1 includes a front inter-vehicle distance sensor 10, a radio antenna 11, a
vehicle speed sensor 12, an acceleration sensor 13; a cruise lever 14, a front éensor
électronic control unit (ECU) 20, a radio control ECU 21, a vehicle speed sensor ECU 22,
an acceleration sensor ECU 23, an engine control ECU 30 that is connected to an
acceleration pedal sensor 15 and a throttle actuator 40, a brake control ECU 31 that is
~ connected to a brake pedal sensor 16 and a brake actuator 41, and a vehicle control ECU
51.  Communication is performed among the front sensor ECU 20, the radio control
ECU 21, the vehiple speed scnsdr ECU 22, the acceleration sensor ECU 23, the cruise
lever 14, and the vehicle control ECU 51 by a communication and sensor based controller
area network (CAN) 60, and communication is performed among the engine control ECU
30, the brake control ECU 31, and the vehicle control ECU 51 by a control based CAN
61. |

[0028] Incidentally, in the first example embodiment, the radio antenna 11 and
the radio control ECU 21 function as the obtaining portion of the invention, and the

vehicle control ECU 51 functions as the target speed calculating portion of the invention.
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10029] The front inter-vehicle distance sensor 10 is a radar sensor that detects a
vehicle ahead using millimeter waves or the Iike. The front inter-vehicle distance sensor
10 is mounted in a position at a predetermined height in the center of a front end portion
of the host vehicle (i.e., in a position at a height at which it is capable of reliably
detecting a vehicle to be detected). The front infcr—vehicle distance sensor 10 transmits
a radar beam out in front of the host vehicle while scanning left and right, and receives
" the reflected radar beam. The front inter-vehicle distance sensor 10 outputs radar
information (such as the left-right scan angle, the time of transmission, the time of
reception,} the reception strength, and the like) about each reflected point (i.c., detection
point) to the front sensor ECU 20. Incidentally, the front intér-vehicle distance sensor
10 is not limited to being a radar sensor, but may instead be another sensor capable of
detecting information related to the area in front of the vehicle. Examples of such othef
sensors include a laser sensor and a camera.

[0030] The front sensor ECU 20 then determines whether there is a vehicle in
front of the host vehicle in the lane in which the host vehicle is traveling, within the
detection range of the front inter-vehicle distance sensor 10, based on the radar
information output from the front inter-vehicle distance sensor 10. If it is determined
that there is a vehicle (i.e., a leading vehicle), the front sensor ECU 20 then processes the
radar informationAand outputs the distancé from the host vehicle to the leading vehicle
(i.e., the inter-vehicle distance) and the like by a digital value. Then the front sensor
ECU 20 outputs the information about whether there is a leading vehicle, and if so, the
distance and the like, as a front inter-vehicle distance signal to the vehicle control ECU
51.

[0031] The radio aﬂtenna 11 is a radio antenna that both transmits and receives
signals.  Also, the radio antenna 11 is a common antenna used both for
vehicle-to-vehicle communication and roadside-to-vehicle communication. When
communicating among vehicles (i.e., vehicle-to-vehicle communication), the radio
antenna 11 receives signals from vehicles capable of vehicle-to-vehicle communication .

that are within the communication range and transmits signals to vehicles within the
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communication range. When transmitting a sigﬁal, a vehicle-to-vehicle transmitting
signai is output from the radio control ECU 21 to the radio antenna 11. When a signal
has been received, a vehicle-to-vehicle receiving signal is output from the radio antenna
11 to the radio control ECU 21. When communicating with infrastructure on roadside
(i.e., roadside-to-vehicle communication), the radio antenna 11 receives signals from
infrastructure equipment (such as an optical beacon) and transmits signals to the
infrastructure equipmént. When transmitting a signal, a roadside-to-vehicle transmitting
signal is output from the radio control ECU 21 to the radio antenna 11. When a signal
has been received, a roadside-to-vehicle transmitting signal is output from the radio
antenna 11 to the radio control ECU. 21. |

t0032] The radio control ECU 21 controls various signals that are transmitted
and received wirelessly. With vehicle-to-vehicle communication, the tadio control ECU
21 applies various conversion processes to vehicle-to-vehicle transmission information
from the vehicle control ECU 51 and generates a tlehicle-to-vehicle transmitting signal
that it then outputs to the tadio antenna 11. Also, the radio control ECU 21 applies
-various conversion processes to a vehicle-to-vehicle receiving signal received by the
radio antenna 11 and extracts the information that it then outputs to the vehicle controlb
ECU 51 as a vehicleto-vehicle received information signal. Examples of information
transmitted and received via vehicle-to-vehicle communication include vehiclé speed,
position, acceleration, traveling lane, road type.(such as an expressway, an ordinary road
and the ltke), and vehicle identification information (information for specifying or
identifying the source vehicle, such as the vehicle ID). With roadside-to-vehicle
communiéation, the radio control ECU 21 applies various conversion processes to
roadside-to-vehicle transmission information from the vehicle control ECU 51 and
generates a roadside-to-vehicle transmitting signal that it outputs to the radio antenna 11.
Also, the radio control ECU 21 applies various conversion processes to the
roadside-to-vehicle receiving signal received by the radio antenna 11 and extracts the
information that it then outputs to the vehicle control ECU 51 as a roadside-to-vehicle

!
received information signal. An example of information transmitted via
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roadside-to-vehicle communication is vehicle identification information, and examples of '
information réceived via roadside-to-vehicle communication include traffic information
(such as congestion information, traffic (and road) restriction information, and travel
speeds and the like) and road infrastructure information. Traffic information may
include information provided via the Vehicle Informeltion Communication System (VICS)
(registered trademark in Japan) used in Japan, or a similar system or technology. Also,
road infrastructure information may include information relating to the time or timing
when traffic lights will change. Information about the traveling lanes of the vehicles
may also be able to be received via roadside-to-vehicle communication.

[0033] Incidentally, the radfo antenna and the radio control ECU are not limited
to being shared by vehicle-to-vehicle communication and roadside-to-vehicle .
communication. That is, a separate radio antenna and radio cbntrol ECU may be used
for vehicle-to-vehicle communication than are used for roadside-to-vehicle
communication.  Also, roadside-to-vehicle communication may also be such that
- information.is only received instead of being both transmitted and received. |

' [0034] The vehicle speed sensor 12 is a sensor for detecting the speéd of the
host vehicle. The vehicle speed sensor 12 detects information related to the speed of the
host vehicle and outputs the detected information to the vehicle speed sensor ECU 22 at
regular intervals of time.

[0035]  The vehicle speed sensor ECU 22 then processes the information outplut
from the vehicle speed sensor 12 and outputs the speed of the host vehicle that is a digital
value. The vehicle speed sensor ECU 22 outputs this speed of the host vehicle to the
vehicle control ECU 51 as a vehicle speed signal.

[0036]  The acceleration sensor 13 is a sensor for detecting acceleration of the
host vehicle. The acceleration sensor 13 detects information related to acceleraﬁon of

the host vehicle and outputs this detected information to the acceleration sensor ECU 23
at regular intervals of time.

[0037]  The acceleration sensor ECU 23 processes the information ouiput from

the acceleration sensor 13 and outputs the acceleration of the host vehicle that is a digital
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value. The acceleration sensor ECU 23 outputs this acceleration of the_ host vehicle to
the vehicle control ECU 51 as an acceleration signal.

[0038]  The cruise lever 14 is a lever for performing various operations such as
‘turning the ACC system 1 on (to start) and off (to stop), and setting the target speed (i.e.,
-an up operation to increase the speed by a predeterrﬁined speed and a down operation to
“decrease the speed by a predetermined speed are possible). The duise lever 14 outputs

information related to an operation performed by the driver to the vehicle control ECU 51
as a cruise lever signal.  Incidentally, a lever or a switch may also be provided separately
from the cruise lever 14, gor incorporated into the cruise lever 14, in order to set the target
inter-vehicle time (i.e., the target vehicle-to-vehicle distance) (to long, Iﬁedium or short,
for example) when lead vehicle following control is performed.

[0039] The acceleration pedal sensor 15 is a sensor that detects the depression
amount (i.e., the accelerator operation amount) of an accelerator pedal, not shown. The
acceleration pedal sensor 15 detects the depression amount of the accelerator pedal and
outputs the detected depression amount to the engine control ECU 30 as an_accelerator
pedal signal at regular intervals of time. |

[0040] The engine control ECU 30 is a control unit that controls the eﬂginc.
The engine control ECU 30 normally sets a target acceleration according to the

. depression amount of the accelerator pedal by the driver, based on the accelerator pedal
signal from the ‘acceleration pedal sensor 15 at regular intervals of time. Then the
engine control ECU 30 sets a target opening amount of a throttle valve necessary to
realize the target acceleration, and outputs the target opening amount to the throttle
actuator 40 as a target throttle opening amount signal.

[0041]  The throttle actuator 40 is an actuator that adjusts the opening amount olf
the throttle valve. Upon receiving the target throttle opening amount signal from the
engine control ECU 30, the throttle actuator 40 operates according to the target opening A
amount and adjusts the opening amount of the throttle valve. |

[0042] The brake pedal sensor 16 is a sensor that detects the depression amount

of a brake pedal, not shown. The brake pedal sensor 16 detects the depression amount
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of the brake pedal and outputs the detected depression amount to the brake cont.rol ECU
31 as a brake pedal signal at regular intervals of time.

[0043] The brake control ECU 31 is a control unif that controls the braking of
the wheels. The brake control ECU 31 normally sets a target deceleration according to
the depressidn amount of the brake pedal by the driver, based on the B_rake pedal 'signal
from the brake pedal sensor 16 at regular intervals of time. Then the brake control ECU
31 sets a target brake pressure of wheel cylinders, not shown, of the wheels necessary to
realize the target deceleration, and outputs the target brake pressure to the braké actuator
41 as a target pressure signal. |

'[0044]  The brake actuator 41 is an actuator that regulates the brake pressure of
the wheel cylinders of the wheels. Upon receiving the target pressure signal from the
brake control ECU 31, the brake actuator 41 operates according to the target' brake |
pressuré and regulates the brake pressure in the wheel cylinders.

[0045] The vehicle control: ECU 51 is an electronic control unit formed of a.
ce;ntral processing, unit (CPU), read only memory (ROM), and random access memory
(RAM), and the iike, and is responsible for cbntrolling the ACC system 1. When
‘activated according to ON operation information indicated by a cruise lever signal from
the cruise lever 14, the vehicle control ECU 51 performs lead vehicle following control,
‘normal cruise control, traffic flow cruise control, selection of cbntrol to perforrﬁ and the
like by loéding an application program stored in the ROM into RAM and executing the
f)rogram vgith the CPU. At regular control cycles At, the vehicle éontrol ECU 51
determines which control to perform, from among the lead vehicle following control, the
normal cruise control, and the traffic flow cruise control, (i.e., the selection of control to
" perform) and performs the selected control. Also, each time an up operation amount or
a down operétion amount indicated by the cruise lever signal from the cruise lever 14 is
obtained, the vehicle control ECU 51 multiplies this operation amount by a gain and
calculates a new target speed that is equal to the currently set target speed plus the speed
of the up amount or the down amount. This target speed set by the driver is displayed so

as to be visible to the driver.
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[0046] The selection of control will now be described. The vehicle control
ECU 51 determines whether there is a leading Vehiéle ahead of the host vehicle based on
the front inter-vehicle distance signal from the front sensor ECU 20. If it is determinéd
that there is a leading vehicle, the vehicle control ECU 51 performs lead vehicle
following cdntrol. If, on the other hand, it is determined that there is no leading vehicle,
the vehicle control ECU 51 determines whether there are any other vehicles capable of
vehicle-to-vehicle communication around (particularly in frqnt of) the host vehicle based
on a vehicle-to-vehicle received information signal from the radio control ECU 21. If it
is determined that there is not another vehicle Icapable of vehicle-to-vehicle
C(;'mmunication around the host vehicle, the vehicle control ECU 51 performs normal
cruise control. If, on the other hand, it is determined that there is another vehicle
capable of vehicle-to-vehicle communication around the host vehicle, the vehicle control
ECU 51 performs traffic flow cruise control.

[0047] Next, lead vehicle following control willvbe described. The vehicle
control ECU 51 calculates the inter-vehicle time (= inter-vehicle distance / host vehicle
speed) to the leading vehicle using the inter-vehicle distance to the leading vehicle
“indicated by the front inter-vehicle distance signal from the front sénsor ECU 20 and the
speed of the host vehicle indicated by the vehicle speed signal from the vehicle speed
sensor ECU 22. Then the vehicle control ECU 51 calculates a target speed change
amount necessary to make the inter-vehicle time to the leading vehi.cle match the target
inter-vehicle time, based on the difference between thé inter-vehicle time and the target
inter-vehicle time. If the target speed change amount is a pdsitive value (i.e., if
acceleration control is necessary), the vehicle control ECU 51 sets a target acceleration
and outputs this target ‘acceleration to the' engine control ECU 30 as an engine control
' signal. If the target speed change amount is a negati?e value (i.., if deceleration control
is necessary), the vehicle control ECU 51 sets a target deceleration and outputs this target
deceleratiqn to the brake control ECU 31 as a brake control signal. Incidentally, the
target intgr-vehicle time used in lead vehicle following contfol is a target inter-vehicle

time that is set by the driver using the lever or the like (the default value is a “long” target
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inter-vehicle time, for example).

[0048] Next, normal cruise control will be described. The vehicle control ECU
51 calculates a target speed change amount necessary to make the speed of the host
vehicle match the targét speed, based on the difference betwéen the speed of the host
vehicle indicated by the vehicle speed signal from the vehicle speed sensor ECU 22 and
the target speed. If the target speed change amount is a positive value, the vehicle
control ECU 51 sets a target acceleration and outputs this target acceleration to the engine
control ECU 30 as an engine control signal. If the target speed change amount is a
negative value, the vehicle control ECU 51 sets a target deceleration and outputs this
target deceleration to the brake control ECU 31 as a brake control signal. Incidentally,
the target inter-vehicle time used in normal cruise control is a target speed that is set by
the driver using the cruise lever 14. |

[0049] Next, traffic flow cruise control will be described. The vehicle control
ECU 51 obtains vehicle-to-vehicle received information included in the
vehicle-to-vehicle received information signal from. the radio control ECU 21. The
vehicle-to-vehicle received information is information about, for example, the road type,
the traveling lane, the position, the acceleration, the speed, and the vehicle ID of each
other vehicle capable of Vehicle-to-vehicle communication around the host vehicle.
Also, when a signal from infrastructure equipment is able to be received, the vehicle
control ECU 51 obtains roadside-to-vehicle received information included in the
roadside-to-vehicle received information signal from the radio control ECU 21. The
roadside-to-vehicle received information is information about, for example, the traveling
lane of each vehicle ID and the like. Also, the vehicle control ECU 51 selects reference
vehicles of which the traveling states are referenced when obtaining a traffic '
flow-appropriate acceleration (and thus the target speed for traffic flow cruise control)
from among other vehicles capable of vehicle-to-vehicle communication, based on the
vehicle-to-vehicle received information and the roadside-to-vehicle received information
(only when able to be obtained). The vehicle control ECU 51 basically selects another

vehicle that is traveling ahead of and in the same direction as the host vehicle, and in the
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same lane as the host vehicle, as a reference vehicle. However, depending on the
circumstances, the vehicle control ECU 51 may also select another vehicle that is
traveling in the same direction as the host vehicle and ahead of the host vehicle but in a
different lane than the host vehicle, or another vehicle that is traveling in the same
direction as the host vehicle but behind the host vehicle, as a reference vehicle. If
information of the traveling lane of another vehicle is unable to be obtained, another
vehicle that is traveling on the same type of road is selected as a reference vehicle.

[0050] The vehicle control ECU 51 sets a weight m; for each reference vehicle,
with the weight being larger for reference vehicles traveling at lower speeds, based on the
speeds of all of the selected reference vehicles. As the method of weighting, a larger‘
weight is set for a slower reference vehicle, such that the total value of all of the weights .
is 1 (see Expression (5)), using ;1 map that correlates a larger weight with a slower vehicle
speed, for examiple. This map may be adjusted according to the number of reference
vehicles and the driving scene (such as a scene in which the vehicle is approaching
congestion ahead, a scene in which the vehicle is driving through congestion, a scene in
which the vehicle is traveling srﬁoothly at a low speed, or a scene in which the vehicle is
traveling smoothly at a high speed or the like). Incidentally, when only one reference
vehicle is selected, thé weight of this reference vehicle is 1.

[0051] The vehicle control ECU.51 calculates a reference speed Vs according
to Expression (4) above using the vehicle speed V; and weight m; of each reference
vehicle. 'Fu’rther, the vehicle control ECU 51 calculates a traffic flow-appropriate
acceleration a.,y according to Expression (3) above using the reference speed V. and the
speed V of the host vehicle. Then the vehicle control ECU 51 calculates the next target
speed Vig next acéording to Expression (1) above using the traffic flow-appropriate
acceleration a,y and the current target speed Vig now- Then the vehicle control ECU 51
performs acceleration / deceleration control similar to normal cruise control using this
calculated next target speed Vig next as the target speed.

[0052] Now the operation during traffic flow cruise control of the ACC system 1

will be described with reference to FIG. 1. In particular, a traffic flow cruise control
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routine of the vehicle control ECU 51 will be described with reference to the flowchart in
FIG. 5. FIG. 5 is a flowchart illustrating the traffic flow cruise control routine of the
Vehiclecontrol ECU 51 according to the first example embodiment. Here, a case will
be described in which the ACC system 1 is activated in response to an ON operation of
the cruise lever 14 by the driver and information is obtained from other vehicles capable
of vehicle-to-vehicle communication around the host vehicle via vehicle-to-vehicle
communication, but a leading vehicle is unable to be detected by the front inter-vehicle
distance sensor 10.

{0053] The front inter-vehicle distance sensor 10 transmits a radar beam while
s.canning the area in front of the host vehicle at regular intervals of time, and receives the
reflected radar beam when the radar beam is reflected. The front inter-vehicle distance
sensor 10 then outputs the radar information to the front sensor ECU 20. The front
sensor ECU 20 receives this radar information, determines whether there is a leading
vehicle based on the radar information, and outputs a front inter-vehicle distance signal
indicative of the determination to the vehicle control ECU 51.

[0054] Every time a signal is transmitted from another vehicle within the
communication range, the radio antenna 11 receives the transmitted signal, and outputs a
vehicle-to-vehicle receiving signal to the radio control ECU 21. Upon ieceiving this
vehicle-to-vehicle receiving signal, the radio control ECU 21 extracts various information
about the cther vehicle from the vehicle-to-vehicle receiving signal, and outputsv a
vehicle-to-vehicle received information signal to the vehicle control ECU 51. The
vehicle control ECU 51 receives this vehicle-to-vehicle received information signal and
obtains the information about the other vehicle around the host vehicle (S10). |

[0055] Also,‘when the host vehicle is passing through a transmitting area of
infrastructure equipment, the radio antenna 11 ieceives a signal transmitted from the
infrastructure equipment and outputs a roadside-to-vehicle receiving signal to the radio
control ECU 21. Upon receiving this roadside-to-vehicle receiving signal, the radio
control ECU 21 extracts road infrastructure information from the roadside-to-vehicle

receiving signal and outputs a roadside-to-vehicle received information signal to the
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vehicle control ECU Sl. The wvehicle control ECU 51 then receives this
roadside-to-vehicle received information signal and obtains the road infrastructure
information (S11).

| [0056] The vehicle speed sensor 12 detects information relating to the speed of
the host vehicle and outputs this information to the vehicle speed sensor ECU 22 at
regular intervals of time. Upon receiving this information from the vehicle speed sensor
12, the vehicle speed sensor ECU 22 performs various processing and outputs the speed
of the hqst 'vehicle that is a digital value to the vehicle control ECU 51 as a vehicle speed
signal. The vehicle control ECU 51 receives this vehicle speed signal and obtains the
speed of the host vehicle. '

| [0057] The acceleration sensor 13 detects information relating to acceleration of
the host vehicle and outputs this information to the acceleration sensor ECU 23 at regular
intervals of time. Upon receiving this information from the acceleration sensor 13, the
acceleration sensor ECU 23 performs various processing and outputs the acceleration of
the host vehicle that is a digital value to the vehicle control ECU 51 as an acceleration -
signal. The vehicle control ECU 51 receives this acceleration signal and obtains the
acceleration of the host vehicle.

[0058] The acceleration pedal sensor 15 detects the depression amount of the
accelerator pedal ai)ld outputs an accelerator pedal signal to the engine control ECU 30 at
regular intervals of time. The engine control ECU 30 receives this accelerator pedal
signal and obtains the depréssion amount of the accelerator pedal.

[0059] The brake pedal sensor 16 detlects the depression amount of the brake
pedal and outputs a brake pedal signal to the brake control ECU 31 at regular intervals of
time. The brake control ECU 31 ‘receives this brake pedal signal and obtains the
depression amount of the brake pedal.

[0060] At each control cycle At, the vehicle control ECU 51 selects reference
rvehicles of which the traveling states are referenced when obtaining a traffic
flow-appropriate  acceleration, from among the other vehicles capable of

vehicle-to-vehicle communication around the host vehicle, based on information of other
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| vehicles capable of vehicle-to-vehicle communication around the host vehicle and road
infrestructure information (only when able to be obtained) (S12). Then the vehicle
control ECU 51 gives a weight to each feference vehicle based on the speed V; of each
selected reference vehicle (S13).

[0061]  The vehicle control ECU 51 calculates a reference speed Viet according
to Expression (4) based on the weight.mi and speed V; of each referehce vehicle (S14).
Then the vehicle control ECU 51 calculates a traffic flow-appropriate acceleration acq,
according to Expression (2) based on the reference speed Vs and the speed V of the host
vehicle (S15).  Further, the vehicle control ECU 51 calculates a next target speed Vigt next
according to Expression (1) based on the traffic flow-appropriate acceleration acny and the
current target speed Vig now (S 1 6).

[0062] The vehicle control ECU 51 then calculates a target speed change
amount necessary to make the speed of the host vehicle match the target speed, based on
the difference between the speed V of the host vehicle and the next target speed Vig next
(S17). If the target speed change amount is a positive value, the vehicle control ECU 51
setsa target acceleration and outputs an engine control signai_ to the engine ,confr(_)l ECU
30 (S17). Upon receiving this engine control signal, the engine control ECU 30 sets a
target ’openi’ng amount of the throttle valve necessary to realize the target acceleration
indicated by the engine control signal, and outputs a target throttle opening amount signal
to the throttle actuator 40. Upon receiving this target throttle opening amount signal, the
throttle actuator 40 operates according to the target opening amount indicated by the
target throttle opening ameunt signal and adjusts the opening amount of the threttle valve.
As a result, the host vehicle accelerates to the next target speed Vig next (and thus the
traffic flow-appropriate acceleration a;nv is realized). If the target acceleration or
deceleration is a negative value, the vehicle control ECU 51 sets a target deceleration and
outputs a brake control signal to the brake control ECU 31 (S17). Upon receiving this
brake control signal, the brake control ECU 31 sets a target brake pressure of the wheel
cylinder for each wheel necessary to realize the target deceleration indicated by the brake

control signal, and outputs a target pressure signal to the brake actuator 41. Upon
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receiving this target pressure signal, the brake actuator 41 operates according to the target
brake pressure iﬁdicated by the target pressﬁre signal, and adjusts the brake pressure of
the wheel cyiinders. As a result, the host vehicle decelerates to thé next target speed
Vigt_next (and thus the traffic flow-appropriate acceleration ac,y is realized).

[0063] According to this ACC system 1, settihg a larger weight for a slower
reference vehicle that will affect the traffic flow more and calculating the traffic
ﬂow-appropriate acceleration (and thus the target speed) makes it possible to suppress
needless acceleration and deceleration while cruising based on the calculated target speed
even if there is another vehicle for whiéh the host vehicle is unable to obtain information
(i.e'., another vehicle incapable of vehicle-to-vehicle cdrhmunication). As a result,
smooth driving that is safe and appropriate for the traffic flow is possible. For example,
when approaching congestion ahead, it is possible to start decelerating before a vehicle
ahéad is detected by radar, and when the flow of nearby vehicles is smooth, the vehicle is
quickly able to adapt to the flow.

[0064] By obtaining information about other vehicles around the host vehicle
using vehicle-to-vehicle communication, the ACC system 1 is able to achieve a more
reliable traffié flow-appropriate acceleration, and thus more appropriate cruise control
can be performed, as tﬁe number of other vehicles capable of vehicle-to-vehicle
communication that are within the communication range of vehicle-to-vehicle
communication, heading in the same direction as, and in front of, the host vehicle
increases. - At this time, it is acceptable for the accuracy of the positions of the other
vehicles to be low as long as the speeds and traveling lanes of the other vehicles are able
to be accurately obtained. Also, the other vlehicles; with which communication is taking
place may not need to be identified. Therefore, the ACC systvem 1 is able to be easily
realized.

[0065] Next, an ACC system 2 according to a second example embodiment of
the invention will be described with reference to FIGS. 1 and 6. FIG. 6 is a reference
chart of weighting based on the positions of the reference vehicles.

[0066] The ACC system 2 differs from the ACC system 1 according to the first
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example embodiment in that it calculates the target speed taking the positions as well as
the speeds of the reference vehicles around the host vehicle iﬁto account during traffic
flow cruise control.  Therefore, the only structure of the ACC system 2 that differs from
the structure of the ACC system 1 according to the first exarﬁple embodiment is a vehicle
control ECU 52.- Incidentally, in the second example embodiment, the vehicle control
ECU 52 functions as the target traveling speed calculating portion of the invention.

[0067] i’he vehicle control ECU 52 only differs from the vehicle control ECU
51 of the first example embodiment in terms of the traffic flow cruise control routine.
Therefo_re, only the traffic ﬂow cruise control of the vehicle control ECU 52 will be
described.

[0068] The vehicle control ECU 52 selects a reference vehicle for obtaining a
traffic flow-appropriate acceleration from among other vehicles capable of
vehicle-to-vehiclé communication, by a prdcess similar to the vehicle control ECU 51 in
the first example embodiment. Here, the vehicle control ECU 52 selects, as reference
vehicles, another yehicle that is traveling in a non-host vehicle lane (i.e., a lane other than
the lane in which the host vehicle is traveling iﬁ) ahead of the host vehicle, and another
vehicle that is traveling in a host vehicle lane (i.e., the lane that the host vehicle is
traveling in) behind the host vehicle, in addition to another vehicle that is traveling in the
host vehicle lane ahead of the host vehicle. Incidentally, the reference vehicles are
selected from among other vehicles traveling in the same direction as the host vehicle.

[0069]  Then the vehicle control ECU 52 sets the weight m; of each reference
vehicle based on the speed and position (including the traveling lane information) of each
selected reference vehicle. Regarding the speed, a larger weight is set for a slower
reference vehicle according to a method similar to the method described in the first
example embodiment. Also, regarding the position, the weight of a reference vehicle
that is traveling in the host vehicle lane ahead of the host vehicle is set large, and the
weight of a reference vehicle traveling in the non-host vehicle lane ahead of the host
vehicle is set small (and may even be 0), as shown in FIG. 6. Also, regarding a

reference vehicle traveling in the host vehicle lane behind the host vehicle, the weight of
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a reference vehicle traveling faster than the host vehicle is set small, and the weight of a
reference vehicle traveling slower than the host vehicle is set to 0.  For example, first the
weight is set for each reference vehicle according to the speed. Next, the weight set
according to the speed is multiplied by a first coefficient that is larger than 1 for a
reference Veﬁicle traveling in the host vehicle lane ahead of the host vehicle, the weight -
set according to the speed is multiplied by a second coefficient (which may be 0) that is
smaller than 1 for a feference vehicle that is traveling in a non-host vehicle lane ahead of
the - host vehicle; and the weight set according to the speed is multiplied by a third
coefficient (which may be 0) that is smaller than 1 for a reference vehicle that is traveling
in the host vehicle lane behind the host vehicle and faster than the host vehicle. Each of
these coefficienfs may be appropriately adjusfed such that the total value of all of the
weights is‘ 1. ‘

[0070]  The speed of the host vehicle is basically affected by the speeds of the
other vehicles traveling ahead in the host vehicle lane. However, when there is
_congest'ion or the like, the speed of another vehicle tra;/eling ahead in a non-host V€i1iClC
lane may also be taken into account. Therefore, when taking the speed of another
vehicle traveling ahead in a non-host vehicle lane into accounf, a weight that is smaller
than the weight of the reference vehicle traveling ahead in the host vehicle lane, but that
“is not 0, is set for the reference vehicle traveling ahead in the non-host vehicle lane, such
that the speed of the other vehicle traveling ahead in the non-host vehicle lane cbntributes ,
to the calculation of the traffic flow-appropriate acceleration. However, if the speed of
another Ve’hicle traveling ahead in a non-host vehicle lane is not taken into account, the
weight of a reference vehicle traveling ahead in a non-host vehicle lane is set to 0 and
thus does not contribute to the calculation of the traffic ﬂow-apbropriate accel_eration.

[0071] Also, the speed of the host vehicle is not affected by anothe; Vehicie
traveling behind in a non-host vehicle lane. However, if the speed of another vehicle in
.the host vehicle lane behind the host vehicle is faster than the speed of the host vehicle,
this other vehicle following the host vehicle will be slow up and held up. Therefore, the

speed of the other vehicle traveling behind in the host vehicle lane may also be taken into
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account to inhibit congestion in the vicinity around the host vehicle. Thus, only when
the speed of another vehicle tra’veliﬁg behind in the host vehfcle lane is faster than the
speed of the host vehicle; a weight that is smaller than the weight of a reference vehicle
traveling ahead in the host vehicle lane, but that is not 0, is set fo.r a reference vehicle
traveling behind in the host vehicle lane, such that the spéed of the other vehicle traveling
“behind in- ther host vehicle lane also contributes to the | calculation of the traffic
flow-appropriate acceleration.

[0072] | When the weights m; of all of the reference vehicles are set, the vehicle
control ECU 52 sequentially calculates the referénée speed V.4 the traffic
flow-appropriate acceleration ac,,, and the next target speed Vg next according to a
process similar to the process performed by the vehicle control ECU 51 in ‘t.hc first
example embodiment, and performs aéceleration / deceleration control based on this next
target speed Vig next-

[0073] Now the operéltion during traffic flow cruise control of the ACC system 2
will be described with reference to FIGS. 1 and 6. In particular, a traffic flow cruise
control routine of the vehicle control ECU 52 will be described with reference to the
flowchart shown in FIG. 7. FIG 7 is a flowchart illustrating a traffic flow cruise control
routine of the vehicle control ECU 52 according/ to the second example embodiment of
the invention. Here, the operation of the ACC system 2 differs from the operation of the
ACC system 1 described in the first example embodiment only in terms of the routine of
the vehicle control ECU 52, so only the routine of the vehicle control ECU 52 will be
described.

[0074]  Steps S20 to S22 performed by the vehicle control ECU 52 are the same
as steps S10 to S12 performed by the vehicle control ECU 51 in the first example
embodiment. When selecting the reference vehicles in step S22, the vehicle control
ECU 52 gives a weight to each reference vehicle based on the speed and position of each
selected reference vehicle (S23). Then the vehicle control ECU 52 performs steps S24
to S27 that are the same as steps S14 to S17 performed by the vehicle control ECU 51 in

the first example embodiment.
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[0075] In addition to having the effects of the ACC system‘ 1 in the first example
embodiment, this ACC system 2 also has the effects described below. With the ACC
system 2, it is possible to set a more appropriate weight according to the degree of
influence that the reference vehicles have on the host vehicle by taking into account the
positions as well as the speeds when setting the weights of .the rgference vehicles.
Accordingly, a more reliable traffic flow-appropriate acceleration (and thus a more
reliable target speed) can be calculated. As a result, ~needless acceleration and
deceleration can be further suppressed, thus enabling even safer and smoother driving.

[0076]  Next, an ACC system 3 according to a third example embodiment of the
invention will be described with reference to FIG. 1.

[0077] The ACC system 3 differs from the ACC system 2 according to the
second example embodiment in that it calculates the target speed alsof taking iﬁto account
the VChicie states and attributes (i.e., the traveling tendencies), in addition to the speeds
and positions of the reference vehicles around the host vehiclé during traffic flow cruise
control. Therefore, the only structure of the ACC system 3 thaF differs from the
structures of the ACC system 1 of the first example embodiment and the ACC system 2
of the second example embodiment is a vehicle control ECU 53. Incidentally, in the
third example embodiment, the radio antenna 11 and the radio control ECU 21 function
as the obtaining portion of the invention, and the vehicle control ECU 53 functions.as the
target traveling speed calculating portion of the invention. -

[0078] Incidentally, with vehicle-to-vehicle communication according to the
radio antenna 11 and the radio control ECU 21, the transmitted and received information
includes, in addition to the information described above, infofmation-about the existence
~ of a safety system such as an Anti-lock Brake System (ABS), a Vehicle Stability Control
(VSC), or a Pre-Crash Safety (PCS), and the activation state of this system, i.e., whether
the system is activated or deactivated, information about the attﬁbuté of the vehicle when
the vehicle is an emergency vehicle such as an ambulance, and if a vehicle is involved in
an accident (hereinafter, simply referred to as an “accident vehicle”), information

indicating such. - Also, with roadside-to-vehicle communication according to the radio
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antenna 11 and the radié control ECU 21, the information that is received from the
infrastructure equipment includes, in addition to the information described above,
information about the position and vehicle ID of an‘ accident vehicle if there is an
accident vehicle.

[0079] The vehicle control ECU 53 differs from the vehicle control ECU 51 of
the first example embodiment and the vehicle control ECU 52 of the second example
embodiment only in terms of the traffic flow cruise control routine. Therefore, only the
traffic flow cruise control of the vehicle control ECU 53 will be described.

[0080] The vehicle control ECU 53 selects reference vehicles to obtain a traffic
flow-appropriate acceleration, from among other vehicles capable of vehicle-to-vehicle
communication, by the same process as that employed by the vehicle control ECU 51 of
the first example embodiment. |

[0081] Then the vehicle control ECU 53 sets the weight m; of each reference
vehicle based on the speed, the position, the traveling state, and the attribute of each
selected reference vehicle. -charding the speeds and positions, the weights of the
reference vehicles are set according to the same method as the methods described in the
first and second example’ embodiments. = Furthermore, regarding the traveling state, if a
reference vehicle ahead is aﬁ accident vehicle (i.e., is stopped), the maximum weight (=
1) is set (therefore the weights of all of the other reference vehicles are set to 0).  Also, if
a reference vehicle ahead is provided with a safety system and the safety system is
activated, the weight is set large (for example, the weight set according to the spéed and
the posiﬁon is multiplied by a coefficient larger than 1). Also, if a reference vehicle is
exhibiting unusual behavior, the weight is set to 0. Regarding the attribute, if the
vehicle is an emergency vehicle such as an ambulance, the weight is set to 0.

[0082] If there is an accident vehicle ahead, the host vehicle that is a trailing
vehicle rﬁust quickly stop, so this kind of reference vehicle contributes the most to the
calculation of the traffic ﬂoW-appropriate acceleration.

[0083] If there is a reference vehicle ahead in which a safety system is activated,

this reference vehicle performs vehicle control to stabilize the vehicle behavior and avoid
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a collision. This kind of reference vehicle predicts an unstable state and performs
vehicle control to drive more safely. Therefore, this kind of reference 'vehicle
contributes more to the calculation of the traffic flow-appropriate acceleration in order to
increas¢ the safety of the host vehicle.

| [0084] Examples of a vehicle that exhibits unusual behavior includes a vehicle
that is traveling at an extremely short inter-vehicle distance, a vehicle that is flashing its
headlights, and a vehicle that is overtaking unsafely. Because this kind of reference
vehicle is likely to accelerate or decelerate suddenly and thus is a factor that reduces the
safety of the host vehicle, the speed of this kind of reference vehicle does not contrib;jte
to the calculation of the traffic flow-appropriate acceleration. In determining whether a
vehicle is exhibiting unusual behavior, the obtained speed and position and: the like of
another vehicle are stored in chronological order and the determination is made based on
this traveling history, or if there is detecting means such as a camera, the state of the
vehicle is monitored using the detecting means, and the determination is made based on
the vehicle state.

[0085] An emergency vehicle exhibits unusual behavior by, for example,
traveling at a different speed than nearby vehicles, e.g., goiﬂg through a red light.
Therefore, the speed of an emergency vehicle does not contribute to the calculation of the
traffic flow-appropriate acceleration.

[0086] When the weights m; of all of the reference vehicles are set, the vehicle
control ECU 53 sequentially calculates the reference speed V. the traffic
flow-appropriate acéeleration acnv, and the next target speed Vgt next aécording to a similar
process as the process performed by the vehicle control ECU 51 in the first example
embodiment, and performs acceleration / deceleration control based on this next target
speed Vigt next.

[0087]  Now the operation during traffic flow cruise control of the ACC system 3
will be described with reference to FIG. 1. In particular, a traffic flow cruise control
routine of the vehicle control ECU 53 will be described with reference to the flowchart

shown in FIG. 8. FIG. 8 is a flowchart illustrating a traffic flow cruise control routine in
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the vehicle control ECU 53 according to the third example embodiment of the invention.
Here, the operation of the ACC system 3 differs from the operation of the ACC system 1
described in the first example embodiment only in terms of the rdutine of the vehicle
control ECU 53, so only the routine of the vehicle contirol ECU 53 will be described.

[0088] Steps S30 to S32 performed by the vehicle control ECU 53 are the same
as steps S10 to S12 performed by the vehicle cbntrol ECU 51 in the first.example
embodiment. In particular, when obtaining information about the other vehicles around
the host vehicle in step S30, the vehicle control ECU 53 stores the obtained information
(i.e., the speed and positibn and the like) for each other vehicle in chronological order.
Then when selecting the reference vehicles in stép S32, the vehicle control ECU 52 gives
a weight to each reference vehicle based on the speed, the position, the vehicle state (also
inéluding the traveling history), and the attribute of each selected reference vehicle (S33).
The vehicle control ECU 53 then performs steps S34 to S37 that are the same as steps
S14 to S17 performed by the vehicle control ECU 51 in the first example embodiment.

[0089] . In addition to having the effects of the ACC system 1 in the first example
embodiment, this ACC system 3 also has the effects described below. .Examples of the
traveling tendency determined from the traveling state and the attribute include the
degree of driving safety and the degree of sudden acceleration or deceleration. When
driving in accordance with a vehicle in which the degree of driving safety is high, driving
r\nay be safer. On the other hand, when driving in accordance with a vehicle in which
the degree of sudden acceleration or deceleration is high, driving may involve a lot of
sudden acceleration and sudden deceleration. With the ACC system 3, it is pbssible to
set a more appropriaté weight according to the reference vehicles that affect the traveling
of the host vehicle, by taking into account the traveling states and the attributes, as well
as the speeds. and positions, when setting the weights of the reference vehicles.
Accordingly, a more reliable traffic flow-appropriate acceleration (and thus a more
reliable target speed) can be calculated. As a result, safety can be further increased and
needless acceleration and deceleration can be further suppressed.

[0090] Hereinafter, various example embodiments of the invention have been
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described, but the invention is not limited to the foregoing exémple embodiments. That
is, the invention may also be carried out in other modes.

[0091] For eiample, in the example embodiments, the invention is applied to an
ACC system that pgfforms lead .vehicle following control and cruise - control.
Alternatively, however, the invention may also be applied‘to another apparatus, such as
an apparatus that performs only cruise control (traffic flow cruise control in particular), or
a apparatus that only sets a target speed of the vehicle according to the traffic flow.

[0092] Also, in the example embodiments, a target speed for cruise control is
obtained, but the invention may also be applied for obtaining a target speed when driving
according to an operation by the driver. In this case, information indicative of the
obtained target speed may be provided to the driver as a reccommended speed.

[0093] Further, in the example embodiments, the speeds and the like of the other
vehicles are obtained via radio communication by the obtaining portion,.but the speeds
and the like. of the other vehicles may also be obtained by other means.

[0094] Also, in the example embodiments, the calculated target speed.is used in
driving assist of the host vehicle, but the calculated target speed may qlso be transmitted
to other vehicles around thé host vehicle via vehicle-to-vehicle communication or
roadside-to-vehicle .communicaﬁon. In this case, the radio antenna 11 and the .radio
control ECU 21 function as the transmitting portion of the invention.-

[0095]  Also, in the example embodiments, the driving assist apparatus of the
invention is mounted in a vehicle. Altemativély, however, the infrastructure such as a
center may be provided with a driving assist apparatus. In this case, the calculated
target speed may be transmitted to the vehicle via roadside-to-vehicle communication or
the like. |

[0096] In the above cases, the vehicle to which the ta;get speed is to be
transmitted is may be selected and the target speed ma‘y be transmitted to the selected
vehicle. The vehicle to which ihe target speed is transmitted may be, for example, a
vehicle traveling near a slow vehicle (such as a vehicle that is within a predetermined

distance of a vehicle traveling at or less than a predetermined speed), that is selected
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according to the position of the vehicle. Also, the vehicle to which the target speed is

transmitted may be, for example, a vehicle positioned behind, in the direction of travel of,

“a slow vehicle (such as a vehicle traveling at a speed lower than a predetermined. speed or

the operating speed of a group of vehicles), that is selected according to the direction of
travel of the vehicle.

[0097] Also, in the example embodiments, weights are set in order with the
largest weight being given to the reference vehicle traveling at the lowest speed, among
the plurality of selected reference vehicles. However, weighting may be performed as
appropriate as long as a large weight is set for a reference vehicle traveling at a low speed.
For example, the weight of a reference vehicle traveling at the lowest speed inay be set to
1 and the weights of other reference vehicles may be set to O (i.e., only the speed of the
reference vehicle traveling at.the lowest speed is taken into account). Alternatively, the
weights of several slow vehicles (such as two or three vehicles) may be set in order from
the lowest speéd and the weights of other reference vehicles may be set to O (i.e., only.the
speeds of the several slower reference vehicles is taken into account). .

[0098] Further; in t'he example émbodiments, weights are set for the selected
reference vehicles, a reference speed is calculated based on the weight and speed of each
reference vehicle, a traffic flow-appropriate accelerati’on is calculated based on this‘
reference speed and the speed of the host vehicle, and the next target speed is calculated
based on this traffic ﬂow-ai)propriate acceleration and the current target speed.
However, according to another method, the target speed of the host vehicle may also be
calculated using set weights and the speeds of the reference vehicles. For example, the
target speed of the host vehicle may be directly calculated from the weight and speed of
each reference vehicle instead of obtaining the traffic flow-appropriate acceleration.

[00499] Also, in the third example embodiment, the target speed is obtained

- taking into account the vehicle states and attributes, in addition to the speeds and

\

positions, of the reference vehicles during traffic flow cruise control. Alternatively,
however, the target speed may be obtained taking into account the vehicle states and

attributes, in addition to only the speeds of the reference vehicles, or the target speed may
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be obtained taking into account only one of the vehicle states or attributes, in addition to
the speeds and positions ,of the reference vehicles.

[0100] Also, in the third example embodiment, the vehicle states and attributes
are examples of the traveling tendencies of the reference vehicles. Alternatively,
however, the traveling tendencies may also be something else other than the vehicle states
or attributes that affect the operating speed. The vehicle states and attributes are also

not limited to the examples given.
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CLAIMS:

1. A driving assist apparatus for a vehicle, comprising: .

an obtairiing portion that obtains a speed of each of a plurality of vehicles; and

a target speed calculating portion that calculates a target speed based on a plurality
of speeds obtained by the obtaining portion and respective degrees of influence of the
plurality of speeds on the target speed,

wherein the target speed calculation portion sets the degree of influence of a lower

speed to be larger than the degree of influence of a higher speed.

2. The driving assist apparatus according to claim 1, further comprising:

a transmitting portion that transmits the target speed to a vehicle.

3. The driving assist apparatus according to claim 1, wherein

the obtaining portion obtains information relating position of each of the plurality of
vehicles in association with the speed; and

the target speed calculating portion changes the degree of influence according to the

position.

4. The driving assist apparatus according to claim 1, further comprising:
a transmitting portion that selects a vehicle to which the target speed is to be

transmitted and transmits the target speed to the selected vehicle.

© 5.The driving assfst apparatus.according to claim 4, wheréin
the obtaining portion obtains information relating position of each of the plurality of -

vehicles in association with the speed; and | '
the trénsmitting portion selects the vehicle to which the target speed is to be

transmitted, according to the position.
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6. The driving assist apparatus according to claim 4, wherein

the obtaining portion obtains information relating to a travel direction of each of the
plurality of vehicles in association with the speed; and

the transmitting portion selects the vehicle to which the target speed is to be

transmitted, according to the travel direction.

7. The driving assist apparatus according to claim 1, wherein
the degree of influence is a weight that is set for each speed when the target speed

calculating portion calculates the target speed.

8. The driving assist apparatus according to claim 1, wherein

the obtaining portion obtains information relating to a traveling tendency of each of
the plurality of vehicles in association with the speed; and

the target speed calculating portion changes the degree of influence according to the-

traveling tendency. .

9. A driving assist method for a vehicle, comprising:
obtaining a speed of each of a piurality of vehicles; and
" calculating a target speed based on a plurality of speeds and respective degrees of
influence of the plurality of speeds on the target speed, wherein the deg}ee of influence of _

a lower speed is set to be larger than a degree of influence of a higher speed.

10. A vehicle in which driving assist is performed based on a target speed calculated

by the driving assist apparatus according to the claim 1.

11. The vehicle according to claim 10, wherein a speed of the vehicle is controlled

based on the target speed.
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FIG.)S

OBTAIN INFORMATION RECEIVED :
VIA VEHICGLE-TO-VEHICLE ——S10
COMMUNICATION FROM NEARBY VEHICLES

OBTAIN INFORMATION RECEIVED
VIA ROADSIDE-TO-VEHICLE COMMUNICATION [—_S11
FROM INFRASTRUCTURE EQUIPMENT

SELECT REFERENCE VEHICLES BASED
ON NEARBY VEHICLE INFORMATION AND —_S12
ROAD INFRASTRUCTURE INFORMATION

GIVE A WEIGHT TO EACH REFERENCE
VEHICLE BASED ON THE —_S13
SPEED OF EACH REFERENCE VEHICLE

CALCULATE REFERENCE SPEED BASED |
ON THE WEIGHT AND ——S14
SPEED OF EACH REFERENCE VEHICLE

CALCULATE TRAFFIC FLOW-APPROPRIATE
ACCELERATION BASED ON REFERENCE —— S15
SPEED AND SPEED OF HOST VEHICLE

CALCULATE NEXT TARGET SPEED BASED
ON TRAFFIC FLOW-APPROPRIATE ——_S16
ACCELERATION AND CURRENT TARGET SPEED

PERFORM ACCELERATION/ '
DECELERATION CONTROL ———S17
TO REALIZE NEXT TARGET SPEED

END
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FIG.6

SAME LANE AS
HOST VEHICLE

DIFFERENT LANE
THAN HOST VEHICLE

AHEAD

LARGE

SMALL (0 IS POSSIBLE)

BEHIND

SMALL
(WHEN FASTER THAN
HOST VEHICLE)

0
(WHEN SLOWER
THAN HOST VEHICLE)
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FI1G. 7

OBTAIN INFORMATION RECEIVED
VIA VEHICLE-TO-VEHICLE ——S20
COMMUNICATION FROM NEARBY VEHICLES

OBTAIN INFORMATION RECEIVED
VIA ROADSIDE-TO-VEHICLE COMMUNICATION [—_S21
FROM INFRASTRUCTURE EQUIPMENT

SELECT REFERENCE VEHICLES BASED ON
NEARBY VEHICLE INFORMATION — 822
AND ROAD INFRASTRUCTURE INFORMATION

GIVE A WEIGHT TO EACH REFERENCE
VEHICLE BASED ON THE SPEED —~ 823
AND POSITION OF EACH REFERENCE VEHICLE

CALCULATE REFERENCE SPEED
BASED ON THE WEIGHT AND —— 824
SPEED OF EACH REFERENCE VEHICLE

CALCULATE TRAFFIC FLOW-APPROPRIATE
ACCELERATION BASED ON REFERENCE —— 825
SPEED AND SPEED OF HOST VEHICLE

CALCULATE NEXT TARGET SPEED BASED ON
TRAFFIC FLOW-APPROPRIATE ACCELERATION |—_ S26
AND CURRENT TARGET SPEED

PERFORM ACCELERATION/DECELERATION | S27
CONTROL TO REALIZE NEXT TARGET SPEED

END
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FI1G.8

OBTAIN INFORMATION RECEIVED
VIA VEHICLE-TO-VEHICLE —— S30
COMMUNICATION FROM NEARBY VEHICLES ‘

, OBTAIN INFORMATION RECEIVED
VIA ROADSIDE-TO-VEHICLE COMMUNICATION [—__S31
FROM INFRASTRUCTURE EQUIPMENT

SELECT REFERENCE VEHICLES BASED ON
NEARBY VEHICLE INFORMATION L\, S32
AND ROAD INFRASTRUCTURE INFORMATION

GIVE A WEIGHT TO EACH REFERENCE VEHICLE
BASED ON THE SPEED, POSITION, VEHICLE L S33

STATE, TRAVELING HISTORY, AND ATTRIBUTE
OF EACH REFERENGE VEHICLE

CALCULATE REFERENCE SPEED BASED
ON THE WEIGHT AND SPEED S S34
OF EACH REFERENGE VEHICLE

CALCULATE TRAFFIC FLOW-APPROPRIATE
ACCELERATION BASED ON REFERENCE —— S35
SPEED AND SPEED OF HOST VEHICLE

CALCULATE NEXT TARGET SPEED BASED ON
TRAFFIC FLOW-APPROPRIATE ACCELERATION —_ S36
AND CURRENT TARGET SPEED

PERFORM ACCELERATION/DEGELERATION - S37
CONTROL TO REALIZE NEXT TARGET SPEED |

END
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