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67) ABSTRACT 

An integrated control system includes subsystem With a 
driving system control subsystem controlling a driving sys 
tem, a brake system control subsystem controlling a brake 
system, and a steering system control subsystem controlling 
a steering system, a subsystem stabilizing a current dynamic 
state of the vehicle, a subsystem realizing a driving support 
function such as automatic cruising, and a storage unit for 
storing shared signals. Each subsystem includes a request 
unit, an arbitration unit, and an output unit. 
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VEHICLE INTEGRATED CONTROL SYSTEM 

TECHNICAL FIELD 

[0001] The present invention relates to a system control 
ling a plurality of actuators incorporated in a vehicle, and 
more particularly, a system controlling in an integrated 
manner a plurality of actuators With the possibility of mutual 
interference. 

BACKGROUND ART 

[0002] There has been an increasing trend in recent years 
toWards incorporating many types of motion control devices 
in the same vehicle to control the motion of the vehicle. The 
effect produced by each of the different types of motion 
control devices may not alWays emerge in a manner inde 
pendent of each other at the vehicle. There is a possibility of 
mutual interference. It is therefore important to suf?ciently 
organiZe the interaction and coordination betWeen respective 
motion control devices in developing a vehicle that incor 
porates a plurality of types of motion control devices. 

[0003] For example, When it is required to incorporate a 
plurality of types of motion control devices in one vehicle in 
the development stage of a vehicle, it is possible to develop 
respective motion control devices independently of each 
other, and then implement the interaction and coordination 
betWeen respective motion control devices in a supplemental 
or additional manner. 

[0004] In the case of developing a plurality of types of 
motion control devices in the aforesaid manner, organiZation 
of the interaction and coordination betWeen respective 
motion control devices requires much time and effort. 

[0005] With regards to the scheme of incorporating a 
plurality of types of motion control devices in a vehicle, 
there is knoWn the scheme of sharing the same actuator 
among the motion control devices. This scheme involves the 
problem of hoW the contention among the plurality of 
motion control devices, When required to operate the same 
actuator at the same time, is to be resolved. 

[0006] In the above-described case Where the interaction 
and coordination among a plurality of motion control 
devices are to be organiZed in a supplemental or additional 
manner after the motion control devices are developed 
independently of each other, it is dif?cult to solve the 
problem set forth above pro?ciently. In practice, the problem 
may be accommodated only by selecting an appropriate one 
of the plurality of motion control devices With precedence 
over the others, and dedicate the actuator to the selected 
motion control device alone. 

[0007] An approach related to the problem set forth above 
in a vehicle incorporating a plurality of actuators to drive a 
vehicle in the desired behavior is disclosed in the folloWing 
publications. 

[0008] Japanese Patent Laying-Open No. 5-85228 (Docu 
ment 1) discloses an electronic control system of a vehicle 
that can reduce the time required for development, and that 
can improve the reliability, usability, and maintenance fea 
sibility of the vehicle. This electronic control system for a 
vehicle includes elements coacting for carrying out control 
tasks With reference to engine poWer, drive poWer and 
braking operation, and elements for coordinating the coac 
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tion of the elements to effect a control of operating perfor 
mance of the motor vehicle in correspondence to a request 
of the driver. Respective elements are arranged in the form 
of a plurality of hierarchical levels. At least one of the 
coordinating elements of the hierarchical level is adapted for 
acting on the element of the next hierarchical level When 
translating the request of the driver into a corresponding 
operating performance of the motor vehicle thereby acting 
on a pre-given subordinate system of the driver-vehicle 
system While providing the performance required from the 
hierarchical level for this subordinate system. 

[0009] By organiZing the entire system in a hierarchy 
con?guration in accordance With this electronic control 
system for a vehicle, an instruction can be conveyed only in 
the direction from an upper level to a loWer level. The 
instruction to execute the driver’s request is transmitted in 
this direction. Accordingly, a comprehensible structure of 
elements independent of each other is achieved. The linkage 
of individual systems can be reduced to a considerable level. 
The independency of respective elements alloWs the indi 
vidual elements to be developed concurrently at the same 
time. Therefore, each element can be developed in accor 
dance With a predetermined object. Only a feW interfaces 
With respect to the higher hierarchical level and a small 
number of interfaces for the loWer hierarchical level have to 
be taken into account. Accordingly, optimiZation of the 
totality of the driver and the vehicle electronic control 
system With respect to energy consumption, environmental 
compatibility, safety and comfort can be achieved. As a 
result, a vehicle electronic control system can be provided, 
alloWing reduction in the development time, and improve 
ment in reliability, usability, and maintenance feasibility of 
a vehicle. 

[0010] Japanese Patent Laying-Open No. 2003-191774 
(Document 2) discloses a integrated type vehicle motion 
control device adapting in a hierarchy manner a softWare 
con?guration for a device that controls a plurality of actua 
tors in an integrated manner to execute motion control of a 
plurality of different types in a vehicle, Whereby the hierar 
chy structure is optimiZed from the standpoint of practical 
usage. This integrated vehicle motion control device con 
trols a plurality of actuators in an integrated manner through 
a computer based on information related to driving a vehicle 
by a driver to execute a plurality of types of vehicle motion 
control for the vehicle. At least the softWare con?guration 
among the hardWare con?guration and softWare con?gura 
tion includes a plurality of elements organiZed in hierarchy 
in a direction from the driver toWards the plurality of 
actuators. The plurality of elements include: (a) a control 
unit determining the target vehicle state quantity based on 
the driving-related information at the higher level; and (b) an 
execution unit receiving the determined target vehicle state 
quantity as an instruction from the control unit to execute the 
received instruction via at least one of the plurality of 
actuators at the loWer level. The control unit includes an 
upper level control unit and a loWer level control unit, each 
issuing an instruction to control the plurality of actuators in 
an integrated manner. The upper level control unit deter 
mines a ?rst target vehicle state quantity based on the 
driving-related information Without taking into account the 
dynamic behavior of the vehicle, and supplies the deter 
mined ?rst target vehicle state quantity to the loWer level 
control unit. The loWer level control unit determines the 
second target vehicle state quantity based on the ?rst target 
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vehicle state quantity received from the upper level control 
unit, taking into account the dynamic behavior of the 
vehicle, and supplies the determined second target vehicle 
state quantity to the execution unit. Each of the upper level 
control unit, the loWer level control unit, and the execution 
unit causes the computer to execute a plurality of modules 
independent of each other on the software con?guration to 
realiZe unique functions thereof. 

[0011] In accordance With this integrated type vehicle 
motion control device, at least the softWare con?guration 
among the hardWare con?guration and softWare con?gura 
tion is organized in a hierarchy structure so as to include: (a) 
a control unit determining a target vehicle state quantity 
based on driving-related information at the higher level in 
the direction from the driver to the plurality of actuators; and 
(b) an execution unit receiving the determined target vehicle 
state quantity as an instruction from the control unit to 
execute the received instruction via at least one of the 
plurality of actuators at the loWer level. In other Words, at 
least the softWare con?guration is organiZed in hierarchal 
levels such that the control unit and the execution unit are 
separated from each other in this vehicle motion control 
device. Since the control unit and the execution unit are 
independent of each other from the softWare con?guration 
perspective, respective stages of development, designing, 
design modi?cation, debugging and the like can be e?fected 
Without in?uencing the other. Respective stages can be 
carried out concurrently With each other. As a result, the 
period of the Working stage required for the entire software 
con?guration can be readily shortened by the integrated 
vehicle motion control device. 

[0012] The electronic control system for a vehicle dis 
closed in Document 1 is disadvantageous in that the entire 
controllability of the vehicle is degraded When in the event 
of system failure at the upper hierarchical level since the 
entire system employs a hierarchy structure. 

[0013] The integrated type vehicle motion control device 
disclosed in Document 2 speci?cally discloses the hierarchy 
structure of Document 1, and is directed to optimiZation of 
the hierarchy structure from the standpoint of practical 
usage. Speci?cally, the softWare con?guration is divided 
into at least a control unit and an execution unit, independent 
of each other in the hierarchy level. Although this integrated 
type vehicle motion control device is advantageous from the 
standpoint of concurrent processing of development by 
virtue of independency thereof, the issue of depending upon 
the basic concept of hierarchy is not yet resolved. 

DISCLOSURE OF THE INVENTION 

[0014] In vieW of the foregoing, an object of the present 
invention is to provide a vehicle integrated control system 
having the fail-safe faculty improved and capable of readily 
accommodating addition of a vehicle control function With 
out forming a system that generates a control target of a 
vehicle at one site. 

[0015] A vehicle integrated control system of the present 
invention includes at least three subsystems operating 
autonomously and in parallel. These subsystems include a 
sensing unit sensing information related to an operation 
request With respect to at least one subsystem, a connection 
unit for connection With another subsystem other than its 
oWn subsystem, and a generation unit for generating infor 
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mation related to an individual control target of its oWn 
subsystem based on the sensed information related to an 
operation request. 

[0016] For example, the subsystem in accordance With the 
present invention includes at least a driving system control 
subsystem controlling a driving system device, a brake 
system control subsystem controlling a brake system device, 
and a steering system control subsystem controlling a steer 
ing system device. These subsystems operate autonomously 
and in parallel With respect to each other. For example, the 
sensing unit of the driving system control subsystem senses 
an accelerator pedal manipulation Which is a request of a 
driver. The sensing unit of the brake system control unit 
senses a brake pedal manipulation that is a request of the 
driver and/or the behavior of a vehicle such as the vehicle 

speed, longitudinal acceleration, lateral acceleration, yaW 
rate, and the like. The sensing unit of the steering system 
control unit senses the steering manipulation that is a request 
of the driver. These subsystems are connected to a sub 
system other than its oWn subsystem. The generation unit in 
these subsystems generates information related to each 
individual control target of its oWn subsystem (for example, 
information related to the control target to control the 
behavior of a vehicle), based on the sensed information and 
information received from another subsystem. The genera 
tion unit of the driving system control subsystem generates 
a control target of the driving system based on information 
calculated in accordance With an accelerator pedal manipu 
lation using a driving basic driver model as Well as infor 
mation input from another sub system. The generation unit of 
the brake system control subsystem generates a control 
target of the brake system based on information calculated 
in accordance With a brake pedal manipulation using a brake 
basic driver model as Well as information input from another 
subsystem. The generation unit of the steering system con 
trol subsystem generates a control target of the steering 
system based on information calculated in accordance With 
steering manipulation using a steering basic driver model as 
Well as information input from another subsystem. At this 
stage, arbitration is conducted at the generation unit as to 
Which of the plurality of information, for example, is to be 
given priority. Thus, the required information is transmitted 
using the connection unit included in the three subsystems to 
generate a required control target (information related to the 
individual control target of its oWn subsystem) in respective 
generation units. Control is alloWed in a decentraliZed 
manner Without setting a master unit, and the fail-safe 
faculty can be improved. Further, by virtue of the autono 
mous operation, development is alloWed on the basis of each 
control unit and processing unit. In the case Where a neW 
driving support function is to be added, the neW function (for 
example, a driving support system (DSS) such as cruise 
control and/or a vehicle motion control system (V DM: 
Vehicle Dynamics Management)) can be implemented by 
just adding a neW subsystem in addition to the three sub 
systems set forth above and transmit the required informa 
tion betWeen the neW subsystem and the already-existing 
subsystem through a communication unit. As a result, there 
can be provided a vehicle integrated control system having 
the fail-safe faculty improved and capable of readily accom 
modating addition of a vehicle control function Without 
forming a system that generates a control target of a vehicle 
at one site. 
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[0017] Preferably, the generation unit includes an arbitra 
tion unit for arbitrating among a plurality of information to 
generate information related to an individual control target 
of its oWn subsystem based on the sensed information 
related to an operation request. 

[0018] In addition to the above-described three sub 
systems, i.e. the driving system control subsystem, brake 
system control subsystem and steering system control sub 
system in the present invention, a subsystem realiZing a DSS 
is con?gured so as to operate autonomously and in parallel. 
In the case Where driving request information is transmitted 
from the subsystem realiZing a DSS to the driving system 
control subsystem in such a con?guration, the arbitration 
unit of the subsystem realiZing the DSS executes arbitration 
for determining as to Whether or not the received informa 
tion from the DSS that is input in addition to the driver’s 
request is to be re?ected in the motion control of the vehicle, 
and to What extent, if to be re?ected. As a result of this 
arbitration, a control target of driving control is generated. 
Instead of information transmitted from a subsystem to 
another subsystem to be used at the subsystem of the 
receiving side for generation of a motion control target, a 
control target is generated after arbitration by the arbitration 
unit. Since the subsystems operate autonomously, develop 
ment is alloWed on the basis of each subsystem. Also, When 
a neW driving support function or the like is to be added, the 
neW function can be realiZed by just adding a subsystem. As 
a result, there can be provided a vehicle integrated control 
system having the fail-safe faculty improved and capable of 
readily accommodating addition of a vehicle control func 
tion Without forming a system that generates a control target 
of a vehicle at one site. 

[0019] A vehicle integrated control system according to 
another aspect of the present invention includes at least three 
subsystems operating autonomously and in parallel. These 
subsystems include a sensing unit for sensing information 
related to an operation request With respect to at least one 
subsystem, a connection unit for connection With another 
subsystem other than its oWn subsystem, and an arbitration 
unit for arbitrating among a plurality of information to 
generate information related to an individual control target 
of its oWn subsystem, based on the sensed information 
related to an operation request. 

[0020] In accordance With the present invention, the driv 
ing system control subsystem corresponding to a “running” 
operation that is the basic operation of the vehicle, the brake 
system control subsystem corresponding to a “stop” opera 
tion, and the steering system control subsystem correspond 
ing to a “tuming” operation are con?gured operable in a 
manner autonomous and parallel to each other. Additionally, 
in the case Where a driving support system (for example, 
DSS) of a high level is to be realiZed, a high level driving 
support subsystem realiZing driving support of a high level 
is con?gured operable in a manner autonomous and in 
parallel, in addition to the driving system control subsystem, 
brake system control subsystem and steering system control 
subsystem set forth above. When driving request informa 
tion is transmitted from the high level driving support 
subsystem to the driving system control subsystem in such 
a con?guration, the arbitration unit of the high level driving 
support subsystem executes arbitration for determining as to 
Whether information received from the high level driving 
support system that is input in addition to the driver’s 
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request is to be re?ected in the motion control of the vehicle, 
and to What extent, if to be re?ected. As a result of the 
arbitration, a control target of driving control is generated. 
Instead of the information transmitted from a subsystem to 
another subsystem to be used at the subsystem of the 
receiving side for generation of a target of motion control, a 
control target is generated after arbitration by the arbitration 
unit. Since the subsystem operates autonomously, develop 
ment on the basis of each subsystem is alloWed. Also, When 
a neW function or the like is to be added, the neW function 
can be realiZed by just adding a subsystem. In such a case, 
a subsystem can be readily added by connecting the sub 
systems With each other through a communication unit of 
the subsystem to transmit the required information. Even in 
the case Where one (for example, the high level driving 
support subsystem) becomes inoperative, the basic operation 
of the vehicle can be maintained as long as the other three 
subsystems (driving system control subsystem, brake system 
control subsystem, and steering system control subsystem) 
are operating since the subsystems operate autonomously 
and parallel to each other. As a result, there can be provided 
a vehicle integrated control system having the fail-safe 
faculty improved and capable of readily accommodating 
addition of a vehicle control function Without forming a 
system that generates a control target of a vehicle at one site. 

[0021] Further preferably, the arbitration unit determines 
the priority of information. 

[0022] In the case Where information is received from a 
plurality of subsystems When a control target is to be 
generated at, for example, the driving system control sub 
system in accordance With the present invention, the priority 
is determined as to Which of the information related to a 
control target value based on a manipulation level of the 
accelerator pedal and the received information is to be given 
priority (including the case Where information is further 
received from another subsystem). Since a control target is 
generated based on the determined priority, appropriate 
determination can be made as to Which of the information 
required to generate a target of driving control based on the 
accelerator manipulation level by a driver and the informa 
tion required to generate a target of driving control received 
from the high level driving support subsystem is to be give 
priority. 

[0023] Further preferably, the arbitration unit corrects 
information. 

[0024] In accordance With the present invention, for the 
purpose of arbitration betWeen the sensed information 
(accelerator pedal opening and/or brake pedal opening) and 
the information received from another subsystem, the con 
trol target value can be corrected by a Weighted operation, 
for example, to generate a control target. 

[0025] Further preferably, the arbitration unit processes 
information. 

[0026] In accordance With the present invention, informa 
tion such as the degree of risk can be processed to be output 
to another subsystem such that the sensed information (road 
friction coefficient) can be used in another subsystem for 
arbitration. At the another subsystem receiving such infor 
mation, the information can be used for generation of a 
control target Without processing the same. 
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