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VEHICLE OPERATING CONDITION DETERMINING SYSTEM, DRIVING ASSIST

SYSTEM, AND OPERATING CONDITION DETERMINING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]  The invention relates to an operating condition determining system, an
operating condition determining method, and a driving assist system, for determining

operating conditions concerning operations performed by a driver of a vehicle.

2. Description of Related Art

[0002] A technology of assisting the driver in a driving operation in oxder to
enhance the safety 6f the vehicle, such as an automobile, has 5eén proposed. For
eicample, a system that informs the driver of the presence of an obstacle or deviation of
| the vehicle from a running course, and a system that assists the driver in an operation to
circaﬁvcnt or avoid the obstacle or an operation to cause the vehicle to return to the
course arec known.

[0003] It is desirable that the systems as described above do mot operate in
respoﬁsc to vehicle .beﬁaviors caused by the driver’s intentional operations. In Japanese
Patent Application Publication No. 2006-5 15545 (JP-A-2006-515545), for example, it is
proposed to determine that a lane change is made by the driver’s intention when the
steering angle exceeds a threshold value or -the accelerator pedal operation amount
(accelerator pedal stroke) exceeds a threshold value, and restrict the operation of the
driving assist system. ' | |

| [0004]  In the meantime, the steering angle also changes when the turning angle
of the wheels changes due to disturbances, such‘ as the shape of the road surface and
vibrations of the vehicle body. - Also, when the running speed of the vehicle is high, the

steering angle may be small even when a lane change is made by the intention of thé
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driver. Thus, there is a possibility that an intentional driving operation of the driver is

not correctly determined.

SUMMARY OF THE INVENTION
' [0005] The invention provides a vehicle operating condition determining system,
a driving assist system, and an operating condition determining method, which determine
driver’s intentional driving operations more correctly.

. [0006] To provide the system or method as described above, the inventor paid
attention to a steering holding operation as a phenomena peculiar to the case where the
driver intentionally operates a steering device.

[0007] More specifically, the inventor found as a result of diligent expériments
and studies that, when the driver intentionally operates the steering device, torque (which
will be called “steering holding torque”) is applied against steering reaction force even
tafter torque ‘(steen'ng torque) applied to the steering device reaches a peak.

[0008] A vechicle operating condition determining system according to a first
aspect of the invention is conﬁgured to determine, when a turning angle of wheels or a
steering ang]é of a steering wheel changes, whether the tumning angle of the wheels or the
‘steering angle of the stecring wheel changes due to a driver’s in_tentién; based on a .
magnitude of steering torque applied to a steering device or a magnitude of a physical
quantity correlated with the steering torque, which is measured after the steering torque
or the physical qﬁantity reacheé apeak. According to this aspect of the invention, it-can
be more correctly determined whether the driver intentionally operates the steering
device. |

[0009] 1In the vehicle operating condition determining system according to the
above aspect of the invention, it may be determined whether the turning angle of the
wheels or the steering angle of the steering wheel changes due to the driver’s intention,
using a change in the magnitude of the steering torque applied to the steering device or
the physical quantity correlated with the steering torque, which is measured after the

steering torque or the physical quantity reaches the peak. Namely, the magnitude of the
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steering torque. or the physical quantity after it reaches the peak changes in different

fashions, depending on whether the steering holding torque is applied or not.
Accordingly, it can be determined whcthef the driver intentionally operates the steering
device, using changes in the magnitude of the steering torque or the physical quantity
after it reaches the peak,

' [0010]  The vehicle operating condition determining system according to the
above aspect of the invention may include detecting means for detecting the steering
torque applied to the steering. device or the physical quantity correlated with the steering
torque when the turning angle o_f the wheels or the steering angle of the steering wheel
changes, measuring means for measuring a length of time for which the magnitude of the
steering torqﬁc or the physical quantity detected by the dcteéting means is kept equal to'
or larger than a threshold value after the magnitude of the steering torque.or the physical

' quantity reaches thg peak, and determining means for determining that the turning angle
of the wheels or the steering angle of the steering wheel changes due to the driver’s
intention, when the length of time measured by the measuriﬁg means is equal to or longer

than a reference time. | |

- [0011] The “thréshold value” mentijoned herein is.se; to a value that is laigcr
than the maximum torque that can be applied to the steering device by a driver _who is in
a éondition. of low wakefulness and low consciousness. Also, the “reference time” is set
to a length of time that is longer than the Amaximu.m value of the time for which the

" maximum torque that can be applied to the steering device by a driver who is in a
condition of low wakefulness and low consciousness can be mairitai_ned (the time for
which the maximum torque can be kept applied to the steering device). These
“threshold value” and “reference time”™ may be obtained in advance by adaptive .
procédutes using experiments, or the like.

[0012]  With the arrangement as described above, when the turning angle of the
wheels or the steering angle of the steering wheel changés without depending on or

~ involving an intentional operation of the driver, it is possible to avoid a situation where it

is erroneously determinec'l‘that the turning angle of the wheels or the steering angle of the
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steering wheel changes due to intentional steering by the driver.

[0013] Also, in the vehicle operating condition determining system according to
the above aépect of the invention, the determining means may determine that the turning
angle of the wheels or the steering angle of the steering wheel changes due to the driver’s
intention, when the peak of the magnitude of the steering torque or the physical quantity
detected by the detecting means is equal to or larger than a reference peak value that is
larger than the threshold value, and the length of time measured by the measuring means
is cqual-to or Ioﬁger than the reference time. | |

[0014] The “reference peak value” mentioned herein is set to a value that is

‘larger than the maximum value of torque that can be applied to the steering device by a |
highly wakeful driver (whose consciousness is deteriorated by a low degree) so as to keep
the vehicle running straight, and is larger than the maximum value of torque that can be
applied to the steering device by a poorly wakeful driver (whose consciousness is
deteriorated by a high dcgree). |

[0015]  With the arrangement as described above, when the turning angle of the

-wheels or the steering angle of the steering wheel changes without dcpending on or
in.volving an intentional operation of the driver, it is possible to more reliably avoid a
Sitgation where it is erroneously dete‘rminedlthat the turning angle of the wheels or the
steering anglé of the steering wheel changes due to intentional steering by the driver.

[0016] In. the above aspect of the invention, the physical quantity oqrrélated with
the torque (Steering torque) applied to the steering device may be selected from, for
exa.mpie, the steering amount of the steering device, the output signal (steering angle) of
the steering angle sensor, the output signal (the yaw rate applied to the vehicle) of the
yaw rate sensor. -

[0017] A method of determining an operating condition of a vehicle according
to a second aspect of the invention includes the step of determining, when an operation

| amount of an operating device operated by a driver changes, whether the operation
amount changes due to a driver’s intention, based on a magnitude of steering torque

applied to the operating device or a magnitude of a phjsical quantity correlated with the
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steering torque, which is measured after the steering torque or the physical quantity
reaches a peak.

[0018] The “operating device” mentioned herein is not limited to the steering
'dcvice, but may be any device that can produce reaction force against an operation of the
operating device. For example, the operating device may be an accelerator pedal to
which reaction force of a retumn spring is applied in response to an operation to depress
the accelerator pedal. | ,

[0019] A vehicle driving assist system according to a third aspect of the
invcntion restricts execution of a driving assisting process when a turning angle of wheels
or a steering angle of a steering wheel changes, based on a magnitude of steering torque
applied to a steering device or a magnitude of a phyéical quantity correlated with the
s_tcering tdrquc, which is measured after the steering torque or the physical quantity
reaches a peak. | ‘

[0020] The “driving assisting process” mentioned herein may be, for example, a
process of informing the driver of the presence of an obstacle or deviation of the vehicle
'from the course, a process of assisting the driver in an dperation required to circumvent
or avoid an obstacle or cause the vehicle to return to the course;, or the like.

[0021] | According to the above aspect of the invention, execution of the driving
assisting process can be reé_tricted when the vehicle deviates from the course or
approaches a course boundary due to an intentional operation of the driver. The
“restriction” mentioned herein includes _inhibitioh of botl_n of thc'process of informing the
driver of the presence of an obstacle or deviétion of the vehicle from the course and the
process of assisting the driver in an operation to circumvent the obstacle or an operation
to c'ause the vehicle to return to the course, and inhibition of only one of the process of
informing the driver of the presence of an obstacle or deviation of the vehicle from the
course and the process of assisting the driver in an operation to circumvent the obstacle
“or an operation to cause the vehicle to return to the course.

[0022] In the vehicle driving assist systém according to the above aspect of the

invention, execution of the driving assisting process may be restricted, using a change in
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the magnitude of the steering torque applied to the steering device or the physical

quantity correlated with the steering torque, which is measured after the steering torque
or the physical quantity reaches the peak. |

[0023]  The vehicle driving assist system according to the above aspect of the
invention may include detecting means for deteéting the steering torque applied to the
steering device or the physical quantity correlaied with‘ the steering torque when the
turning angle of the whee}s or the steering angle of the steering wheel changes,
rﬁgasuring means for m'egsuring a length of time for which the magnitude of the steering
torque or the physical quantity detected by the detecting means is kept equal to or larger
than a threshold value after the magnitude of the steering torque or the physical quantity
reaﬁhes the peak, and restricting means for restrictiné execution of the driving assisting
process when the length of time measured by the measuring means is equal to or longer
than a reference time. - ‘

" [0024]  The “threshold value” and “reference time” mentioned herein are sct 'in
the same manners as the “threshold value” and “reference time” set by the vehicle
operating condition determining system as described above.

| [0025]  With the arrangement according to the above aspect of the invention,
when the tuming angle of the wheels or the stécring'angle of the steering wheel changes
without depending on or involving an intentional operation of the driver, it is possible to
more reliably avoid a situation where exccution of the driving assisting process is
restricted.

[0026]  With the vehicle driving assist system according to the above aspect of
the invention, an intentional driving operation performed by the driver can be determined
more correctly.

[0027]  Also, the vehicle driving assist system according to the above aspect of
the invéntion is able to restrict execution of the driving assisting process when the driver

~ intentionally performs a driving operation.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0028]  Features, advantages, and ‘technical and industrial significance of
cxemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerais denote like elements, and wherein:

FIG 1 is a block diagram illustrating the configuration (functionai units) of a
vehicle driving assist system as a first embodiment of the invention; |

FIG. 2 is a view concerned with the first embodiment of the invention, showing one
example of changes in steering torque measured when the driver intentionally performs a
steering operation; o

FIG. 3 is a flowchart illustrating a driver’s intention determining routine according
to the first embodiment of the invention; and

_FIG. 4 is a flowchart illustrating a routine e¢xecuted when determining whether
execution of a driving assisting process is to be restricted, aocordihg to a second

‘embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0029] Some embodiments of the invention will be described with reference to
the drawings. In the following, a driving assist system that determines a running éourse
of the vehicle and an obstacle, and performs a driving assisting process for preventing the
vehicle from deviating from the determined course or coﬂiding with the obstacle will be
described. The “driving assisting pmcess” mentioned herein is carried out at the time
when the vehicle is able to circumvent or avoid the obstacle, and is carried out at an
earlier time than a collision damage alleviating process carried out when a collision
" between the vehicle and the dbstacl_e cannot be avoided. It is to be understood that the
configuration of the system which will be descriﬁed below illustrates one ginboc_liment of

the invention, and the invention is not limited to the configuration as described below.
. [0030]  Initially, a first embodiment of the invention will be described with
reference to FIG. 1 through FIG 3. FIG 1 is a block diagram illustrating the
- configuration (functional units) of a vehicle driving assist system to which the invention

is applied. As-shown in FIG. 1, a control unit (ECU) 1 for driving assist is installed on
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[0031] The ECU 1 is an electronic control unit including CPU, ROM, RAM,
backup RAM, and an /O interface. Various sensors, such as a radar device 2, vehicle
exterior camera 3 for photographing the exterior or outside of the vehicle, driver camera
4 for photographing the driver, yaw rate sensor 5, wheel speed sensor 6, brake sensor 7,
acceleration stroke sensor 8, turn signal switch 9, steering angle sensor 10, and a steering
torque sensor 11, are clectrically connected to the ECU 1, and the ECU 1 receives output
signals of these scnéors. |
. [0032] The radar device 2 is mounted on the front side of the vehicle, for
example, and is operablé to transmit millimeter waves to the front of the vehicle and

receive radio waves (reflected waves) reflected by an object located outside the vehicle,
thereby to generate information (for example, coordinate information) concerning the
position of the object relative to the vehicle. . The vehicle exterior camera 3 is placed
within the vehicle compartment af a position where the camera can capture the front of
the vehicle in the field of view, for example, and generates an image of the front of the

_ vehicle. The driver camera 4 is placed within the vehicle compartment at a position
where the camera can capture the driver in the field of view, for example, and generates

~an image of the driver. The yaw rate sensor 5 is mounted on the vehicle body, for
.example, and generates an electric signal correlated with the yaw rate of the vehicle.
The wheel speed sensor 6 is mounted on a whee_l of the vehicle, and generates an electric
signal correlated with thé running speed of the vehicle.

[0033] For ekample, the brake sensor 7 is mounted on a brake pedal within the
vehicle compaitment, and generates an electric signal correlated with the operation torque

* (pedal pressure) applied to the brake pedal. The acceleration stroke sensor 8 is-mounted
on an accelerator pedal within the vehicle department, and generates an electric signal
correlated With the operation torque (pedal pressurc) applied to the accelerator pedal.

. The turn signal switch 9 is mounted on a turn signal lc;ler within the vehicle compartment,
and generates an electric signal correlated with a direction indicated by a turn signal (a

direction indicator) when the turn signal lever is operated.” The steering angle sensor 10
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is mounted on a steering rod connected to a steering wheel within the vehicle
compartment, and generates an electric sigrlal correlated with the angle of rotation of the
steering wheel as measured from the neutral position. The steering torque sensor 11 is
mounted on the steering rod, and generates an electric signal correlated with torque
(steering torque) applied to the steering wheel.
[0034]  Also, various devices and systems, such as a buzzer 12, display device
13, elcc';ric power steering (EPS) system 14, and an electronically controlled brake (ECB)
system 15, are connected to the ECU 1, and these devices and systems are electrically
controlled by the ECU 1. |
[0035]1 For example, the buzzer 12 is mouﬁted in the vehicle compartment, and
ié operable to generate an alafm or warning tonc.l The displace device 13 is mounted in
. the vehicle compartment, and is operable to diéplay various messages and/or warning
lamps. The electric power steering (EPS) system 14 is operable to assist the driver in
operating the steering wheel, using torque generated by an electric motor. The
electronically controlled brake (ECB) system 15 is operable to electrically adjust the
hydraulic preésure (brake pressure) of a friction brake provided on each wheel. .

. [0036] The ECU 1 has the functions as described below, so as to control various
devices and systems, using the output signals of the above-indicated various Sensors.
Namely, the ECU 1 includes an obstacle information processing unit 100, a lane
information processing unit 101, a consciousnéss deterioration determining unit 102, a

- driver’s intention determining unit 103, an integrated recognition processing unit 104, a
commbn assist determining unit 105, an alarm determining unit 106, a control

_ determining unit 107, and a controlled variable computing unit 108.
[0037]  The obstacle information processing unit 100 computeé coordinates of
- the pbsition of an object in a coordinate system in which the self vehicle lies on the origin,
based on the object information generated from the radar device 2. The obstacle
information processing unit 100 creates obstacle information including the coordinates of
thé_ position of tﬁe object and the yaw. angle of the self vehicle relative to the object.

When two or more objects are detected by the radar device 2, the obstacle information
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processing unit 100 creates a regression line (or a regression curve) that can circumvent
the two or more objects, on the coordinate system in which the self vehicle lies on the
origin, and creates obstacle information including coordinate. infonnatjoﬁ of the
‘regression line (or regression curve) and the yaw angle of the vehicle relative to the
regression line (dr regression curve). The obstacle information processing unit 100 may
create obstacle information as described above, based on an image or picture captured by
the vehicle exterior camera 3.

[0038] The lane information processing unit 101 c.reatcs lane information
including information conceming a lane and iﬁformation concerning the orientation of
the vehicle relative to the lane, based on an image or picture ‘captured by the vehicle
exterior camera> 3, The information concerning the lane in;ludes, for example,
informﬁtion, concerning indicators indicative of lane boundaries (for example, road
markers, such as white lines and yellow lines, indicative of lane boundaries, and

. three-dimensional objects, such as curbs, guardrails, gutters or ditches, and walls, which
extend alongside the lane), and .information concerning the width of the lane. The
information concerning the orientation of the vehicle relative to the lane includes, for
example, mforma’uon conccrnmg distances between the indicators indicative of the lane
boundaries and the vehicle, information concermng the offset amount of the vehlcle
position relative to the center of the lane, and information concerning the yaw angle of
the vehicle travelling direction relative to the indicators indicative of the lane boundaries.
When a navigation system is installed on the vehicle, the lane information processing unit
101 may create information cohceming the lane, from map information and GPS
information possessed by the navigation system. |

[0039] The consciousness deterioration determining unit 102 determines the
degree of deterioration of consciousness (wakefulness) of the driver, based on an image
.or picture captured by the driver camera 4. For example, the conscjousness
deterioraﬁon determining unit 102 computes the eye closure time or eye closure
frequency of the driver, from the image captured by the driver camera 4, and determines

that the consciousness of the driver is deteriorated (the wakefulness is low) when the eye
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c16sure time or eye closure frequency exceeds the upper limit. A]so, the consciousness
deterioration determining unit 102 may compute a length of time for which the
orientation of the driver’s face or the direction of the line of sight deviates from the
vehicle travelling direction, from an image or picture captured by the driver caméra 4,
and may determine that the driver is not looking at the road when the calculated time
exceeds the upper limit.

[0040] The driver’s intention determining unit 103 determines whether the
operation amourit of the brake pedal, the operation amount of the accelerator pedal, or the
operation amount (steering amount) of the steering wheel changes due to the intention of

) tﬁe driver, based on the output signals of the wheel speed sensor 6, brake sensor 7,
acceleration stroke sensor 8, turn signal switch 9, steering angle sensor 10, and the
steering torque sensor 11. The driver’s intention determining unit 103 will be described
in detail later. |

[004_1] The integrated recognition processing unit 104 specifies a region

(running course) on which the vehicle is able to run, based on the obstacle information

" created by the obstacle information processing unit 100 and the lane information created
'by thc lane information processing unit 101, and determines the yaw angle of the vehicle

,l relative to a course boundary, and the offset amount of the vehicle relative to the center of

_the course.

[0042] On a road having a small lane width, the driver may héve no other choice
but to let the_vehiclé deviate from the lane. In view of this situation, the integrated
recognition proéessing unit 104 may set a ruhning course, On a roadA having a small lane
width, based on information concerning road markers (such as white lines and yellow
lines) indicative of the lane boundaries, or three-dimensional objects (such as curbs,
guardréils, gutters, and walls) that extend alongside the lane. -For example, when road

-markers are present on both sidcs.bf‘ the lane, the integrated recognition processing unit
104 may set a running course that is wider than the original lane, with reférenc':e to ihe
center of the lane (intermediate between the road markers present on both sides of the

lane). Also, when a road marker is present on only one side of the lane, the integrated
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feéogxﬁtion ﬁmcessing unit 104 may set a reference position outside the road marker, and
set a range of a given width from the reference position, as a running course. However,
if an object exists in the course thus enlarged, it is desirable to limit enlarging setting of
the course. |

[0043] When the integrated recognition processing unit 104 receives |
information concerning a srﬁall object from the obstacle information processing unit 100,
the processing unit 104.may set the running course, by cnlarging the size of the object in
a diréction parallel to the indicators indicative of the lane boundarics, Namely, the
integrated recognition processing unit 104 may set the course, assuming that an object.
represented by a point on a coordinate system is in the form of a line parallel to the

- indicators indicative of the lane boundaries, The amount of enlargemeént of the object
(the length of the line) may be increased as the output signal (vehicle speed).of the wheel

~ speed sensor 6 is higher, and may also be increased as the yaw angle of the vehicle
relative to the line is 1arger.

[0044] The common assist determining unit 105 determines whether cxccuﬁ'on
of the driving assisting process is to be restricted, based on the information created by the
integrated recognition prdccssing unit 104, the result of determination madc'by the -
gonsciousncss deterioration determining unit 102, and the result of determination made

. by the driver’s irtention determining unit 103. 'For example, if the consciousness
deterioration determining unit 102 determines that the consciousness of the driver is
deteriorated or lowered (the degree of deterioration éf consciousness is high, or the
wakefulness is low), or determines that the driver is not looking at the road, the common
assist determining unit 105 permits the driving assisting process to be executed. If the

| driver’s intention determining unit 103 determines that the driver performs an intentional
operation, the common assist determining unit 105 restricts execution of the ldriving
assisting process.

[0045] When the common assist determining unit 105 permits execution of the
driving assisting process, the alarm determining unit 106 determines the timing of

sounding of the buzzer 12 or the timing of display of é warning message or warning lamp
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on the display device 13. For example, when the distance between theyehiclg and a
course boundary (one of the boundaries of the course) as measured in the vehicle width
direction b@mcs eﬁual to or smaller than a predetermined distance, the alarm
determining unit 106 causes the buzzer 12 to sound an alert, or causes the display device
13 to display a warning message or warming lamp thereon.

[0046]  Also, the alarm determining unit 106 may cause the buzzer 12 to sound
an alert, or cause the display device 13 to &isp[ay a warning message or warning lamp,
when the time it takes the vehicle to reach a course boundary bcéomes equal to or shorter
than a predetermined time. In the case where the course has a small width, the alarm
determining unit 106 may cause the buzzer 12 to sound an alert,' or cause the display
device 13 to display a warning message or warning lamp, when the distance between the
‘vehicle and a three-dimensional object (such as a curb, guardrail, gutter, or a wall that is
present alongside the course) as. measured in the vehicle width direction becomes equal to
or smaller than a predeterminéd distance. In the case where the vehicle enters a curve,
or is running along a curve; the alarm determining unit 106 may cause the buzzer 12 to
sound‘an alert, or cause the display device 13 to display a warning message or warning

" lamp, when the distance between .the vehicle and a course boundary as measured in the
vehicle travelling direction becomes equal to or smaller than a predetermined distance.
Also, in the case where the vehicle enters a curve, or is running along a curve, fhe alarm
determining ‘unit 106 méy cause the buzzer 1; to sound an alert, or cause the display
device 13 to display a waming message or warning lamp, when the time it takes the
vehicle to reach a course boundary becomes equal to or shorter than a predetermjned

: fime. |

[0047] In this connection, the above-mentioned predetermined distance or
predetermined time is changed in accordance with the output signal (vehicle speed) of the
wheel speed sensor 6 and the output signal (yaw rate) of the yaw rate sensor 5. For
example, as the vehicle speed is higher, the predetermined distance is set to a longer
distahce, or the predetermined time is set to a longer time. Also, as the yaw rate is

larger, thé predetermined distance is set to a longer distance, and the predetermined time
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‘is set to a longer time.
[0048]  The manner of giving a warning to the driver is not limited to sounding
" of the buzzer 12 and display of a warning message or warning lamp on the disblay device
13, but anotﬁer method, such as intermittently changing the torque for fastening the scat
- belt, may be employed. |
[0049] When the common assist determining unit 105 permits the driving
'assisting process to be executed, the control determining unit 107 determines the time at
 which the electric power steering (EPS) system 14 and/or electronically controlled brake
(ECB) system 15 is actuated so as to prevent the vehicle from deviating from the course
" or colliding with an obstacle. For example, the control determining unit 107 may
actuate the electric power stecﬁng (EPS) system 14 and/or electronically controlled brake
" (ECB) system 15 when the distance between the vehicle and a course boundary as
measured in the vehicle width direction becomes equal to or shorter than a predetermined
distance.

[0050]  Also, the control determining unit 107 inay actuate the electric power
steerjng (EPS) system 14 and/or electronically contrdlled brake (ECB) system 15, when
the time it takes the vehicle to reach the course boundary becomes equal to or shorter

than a predetermined time. When the course has a small width, the control deiermining
unit 107 may actuate the electric power steering (EPS) system 14 and/or electronically
controlled brake (ECB) system 15 when the distance between the vehicle and a
three-dimensional objcét (such as a curb, guardrail, gutter, or a wall, which exists
alongside the course) as measured in the vehicle width direction becomes equal to or
“smaller than a predetermined distance.
| [00511 In the case where the vehicle entersva curve or the vehicle is running
along a curve, the control determining unit 107 may actuate the electric power steering
(EPS) system 14 and/or clectronically controlled brake (ECB) system 15 when the
distance between the vehicle and a course boundary as measured in the vehicle travelling
direction becomes equal to or shorter than a predetermined distance. In the case where

- the vehicle enters a curve or the vehicle is running along a curve, the control determining
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unit 107 may actuate the electric power steering (EPS) system 14 and/or electronically
controlled brake (ECB) system 15 when the time it takes the vehicle to reach the course
boundary becomes equal to or shorter than a predetermined time. |

[0052]  While the predetermined distance or predctcrmmcd time used by the
contro] determining unit 107 may be changed according to the vehicle speed and the yaw
rate, like the predetermined distance or predetermined time used by the alarm

| determining unit 106, the predetermined distance or t'imc' used by the control detcrmin_ihg

unit 107 is set to be shorter than the predetermined distance or time used by the alarm
determining unit 106.

[0053] When a Tequest to actuate the electric power steering (EPS) system 14
and/or electronically controlled brake (ECB) system 15 is generated from the control
‘determining unit 107, the controlled variable computing unit 108 computes a controlled
variable(s) of the electric power steering (EPS) system 14 and/or electronically controlled
brake (ECB) system 15, and actuates the electric powér steering (EPS) system 14 and/or
electronically controlled brake (ECB) system 15 according to the calculated controlled
variable(s) and the timing determined by the control detérmining unit 107, For example,
the controlled variable computing unit 108 computes a target yaW rate required to prevent
the vehicle from deviating from the course, or a ia_r'get yaw rate required to circumvent or

" avoid an obstacle, using the information created by the integrated recognition processing

unit 104, the output signal (vehicle speed) of the wheel speed sensor 6, and the output
signal (yaw rate) of the yaw rate sensor 5, as paraméters.- More specifically, the
controlled variéble computing unit 108 computes é target yaw rate Ytrg according to the
following equaﬁon,»whére D denotes the relative distance between a course boundary or
obstacle and the vehicle, T denotes a length of time it takes the vehicle to reach the course
boundary or obstacle, and 8 denotes the yaw angle of the vehicle relative to the course
boundary or obstacle. |
Ytrg=(0-V-sin8)/D

[0054] The controlled variable computing unit 108 determines the controlled

variable (steering torque) of the -clectric power steering (EPS) system 14 and the
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controlled variable (brake oil pressure) of the electronically controlled brake (ECB)

system 13, using the target yaw rate Ytrg as a parameter. At this time, the relationship

between the target yaw rate Ytrg and the steering torque, and the relationship between the

target yaw rate Ytrg and the b;ake oil pressure may be defined in tﬁe form of maps in

a&vance. When the target yaw rate Ytrg is smaller than a predetermined value (the

' maximum value of the yaw rate with which deviation from the course and contact or
'collision with the obstacle can be avoided only by a steering action), the brake oil
pressure of the electronically controlled brake (ECB) system 15 may be set to zero. If
different brake oil pressures are applied to the friction brakgs of the right and left wheels
of the vehicle when the clcctroﬁically controlled brake (ECB) system 15 is operated, a
yaw rate that interferes with the yaw rate produced by the electric power steering (EPS)
system 14 may be produced. Therefore, it is desirable to apply substantially the same
brake oil pressure to the friction brakes of the right and left wheels.

[0055] The method of reducing the running speed of the vehicle is not limited to
actuaﬁng the friction brakes by means of the electronically controlled brake (ECB)
system 15, but the running speed of the vehicle may also be reduced by converting the
kinetic enéfgy of the vehicle into electric energy (regeneration), or.changing the Spged
ratio of the iransmission so as to increase an engine brake. |

[0056]  The driving assist system as descrii;ed above makes it possible to inform

.v the driver of the presence of an obstacle or deviation of the vehicle from the course, and
: assist the driver in an operation to prevent the vehicle from deviating from the course or
an operatipn to circumvent or avoid.the obstacle. »

- [0057] In the meantime, when the vehicle deviates from the course or
abproachcs an obstacle according to an intcntionalioperation .of the driver, it is desirable
to restrict execution of the driving assisting process. If a change of the steering angle
takes j)lace along with an operation td give a turn signal, an accelerating oﬁeration, ora
braking operation (fbr example, when the vehicle turns right or left, changes lanes, or .
passes another vehicle), it may be determined that the driver performs an intentional

~ operation, namely, intentionally operates the steering wheel.
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[0058] However, when the vehicle runs on a road having a small course width,

- the driver may intentionally cause the vehiclé to approach an obstacle, or cause the

vehicle to deviate from the course. In this case, the driver may only perform a steering

operation (i.e., operate or turn the steering wheel) without performing any of the

operation to-give a turn signal, accelerating operation, and braking operation at the same

time. Therefore, there is a possibility that the driving assisting process is ﬁndesirably
carried out even though the driver intentionally operates or turns the steering wheel.

[0059] In view of the above situation, the driving assist system according to this
embodiment makes it possible to restrict exccution of the driving assisting process, even
in the case where the steering operation is performed without accompanying any of the

| operation to give a turn signal, accelerating operation, and braking operation.

[0060] The function of the driver’s intention determining unit 103 according to
this embodiment will be described in detail. | |

[0061] Having done diligent experiments ‘and studies, the inventor found that
when the driver performs an intentioﬁal steering operation, the steering operation is

" followed by a steering holding operation, i.e., an operation to keep applying steering
torque to the steering 'wheel. Here, one example of measurement results of steering
torque when the driver intentionally turns the steering wheel is shown in FIG. 2.

| [0062] As shown in FIG. 2, when the dri\fer starts turning the steering Wheel; the
steering torque rapidly increases. Once the steering angle reaches a desired angle, the
steering torque that has been on the increase starts decreasing. However, ‘in order to
| preyent the éteering wheel from immediately returning to the neutral position, the driver
api)lies torque against self aligning torque (steering reaction force), to the steering wheel,
(namely, the driver performs a steering holding 0p<;,ration). As a result, the amount of
reduction of the steering tofqué 'is reduced for a certain period of time (a range
surrounded by a circle in FIG. 2). Namely, when the steering holding operation is
»pfzrformed, the steering torque is kept equal to or lafger than a given magnitude for a.
certain period (steering holding period) after the steering torque reaches a peak. Thus,

the magnitude of the steering torque after it reaches a peak is different between the case
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where the driver intentionally turns the steering wheel and the case where the driver does
not intentionally turn the steering wheel.
[0063]) Therefore, the driver’s intention determining unit 103 of this
_embodiment determines whether the driver intentionally turns the steeriﬁg wheel, based
on changes in the magnitude of the steering torque after it reache.s the peak, in other
words, the presence or absence of the steering .holding period after the steering torque
reaches the peak. In determining the presence or absence of the steering holding period,
the driver’s intention determining unit 1.03 determines that the steering holding period is
present, under conditions that the peak value of the steering torque is equal to or larger
than a reference peak value Ta, and a period of time for which the steering torque is kept
equal to or larger than a threshold value Tb after reaching a peak equal to or larger than
- the reference peak value Ta is equal io or longer than a reference time tbase. When the
steering holding period s present, the driver’s intention determining unit 103 determines
- tﬁat the driver intentionally operates the steering wheel.
t0064] The above-mentioned reference peak value Ta.is set to a value that is
larger than the maximum value of torque that can be applied to the steering wheel by a
driver who is in a highly wakeful condition so as to keep the vehicle _running straight, and
is also larger than the maximum value of torcjuc that can be applied to.the steering wheel
by a driver who is in a condition of low wakefulness and low consciousness. In order to
.. carry out the driving assisting process with high.er reliability when the driver does not
intentionally operate the steering wheel, it is dc#irable to set the reference peak value 'fa
to the largest possible value. However, if the reference peak value Ta is excessively
large, the driving assisting process is more likely to be executed even when the driver
intentionally o‘perates the steering wheel. _Accordingly, it is cicsirable to statistically
obtain the minimum value the peak value of the steering torque can take when the driver
intentionally operates the steering wheel, and adaptively determine the reference peak
_value Ta so that it does not deviate largely from the minimum value.
[0065] The above-mentioned threshold value Tb is obtained by adding a margin

to the maximum torque that can be applied to the steering device by a driver who is a
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condition of low wakefulness and low consciousness. Also, the above-ﬁentioned
reference time tbase is a length of time obtained by adding a margin to the maximum
value of the time for which the maximum torque that can be applied to the steering device
by a driver who is in a condition of low wakefulness and low consciousness can be
maintained (i.c., the time for which the maximum torque can be kept applied to the
steering device). These “threshold value” and “refcreﬁce time” are obtained in advance
by.adaptive procedures using experiments, or the like.

[0066] If‘the driver’s .intcntion is determined by the method as described above,
execution of the driving assisting process can be restricted when the vehicle approaches
an obstacle or deviates from the course according to a dr‘i#er ’s intentional steering action.

[0067] In the folloWing, a procedure of executing ‘a driver’s intention
dcte@ining prdcess will be described with reference to FIG 3. FIG. 3 is a flowchart
illustrating a driver’s intention determining routine. This routine is stored in advance in
the ROM of the ECU 1, and is periodically executed by the ECU 1. The driver’s

_ intention determining process is executed when the turning angle of the wheels or the
steermg angle of the stccrmg wheel changes. _

[0068] In the dnver s intention determining routine, the ECU 1 initially reads
the output signal (steering torque) Trq of the stccrmg torque sensor 11 in step S101.
Thus, execution of step S101 by the ECU 1 provides the detecting means according to the
invention. |

[0069] . In step S102, the ECU 1 determines whether the absolute value of the
steering torque Trq read in step S101 is equal to or larger than the reference peak value Ta.
If a negative decision (NO) is obtained in step S102 (| Trq | <Ta), the ECU A1 proceeds to
step 5108, aﬁd determines that the driver does mot intentionally operate or tumn the
steering wheel (there is no steering intention). If, on the other hand, an affirmative
decision (YES) is obtained iﬁ step S103 (| Trq| =Ta), the ECU 1 proceeds to step S103.

© [0070] In step S103, the ECU 1 starts a timer t. The timer t measures a l‘ength'
of time that has elapsed from a point of time at which the stecring torque Trq reaches a

value equal to or larger than the reference peak value Ta. Thus, execution of step S103
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by the ECU 1 provides the measuring means according to the invention.

[0071] In step S104, the ECU 1 reads the output'signal‘(Trq) of thé steering |
torque sensor 11 again.  Then, the ECU 1 proceeds to step S105, and determines
whether the absolute Qalue of the steering torque Trq read in step S104 is equal to or

| larger than the threshold value Tb. If a negative decision (NO) is obtained in step S105
(| Trq| <Tb), the ECU 1 proceeds to step 8108, and determines that the driver does not
intentionally operate the steering wheel.

[0072] If an affirmative decision (YES) is obtained in step 5105 (|Trq|£Tb),
the ECU 1 proceeds to step $S106. In step S106, the ECU 1 determines whether the
measurement tiﬂle t of the'timer t is equal to or longer than the reference time thase. Ifa
negative decision (NO) is obtained in step S106 (t#tbése), the ECU 1 executes step S104
and subsequent steps again. If, on the other hand, an affirmative decision (YES) is
obtained in step S106 (t=tbase), the ECU 1 proceeds to step $107, and determines that the
driver intentionally operates the steering wheel. Thus, execution of steps $106 to S108 -
by the ECU 1 provides the determining means acco£ding to the invention.

t0073] By executing the routine of FIG. 3 as described above, the ECU 1 can.
correctly determine whether the driver intentionally operates the stee;ring wheel.
Consequently, it is poésible to restrict execution of the driving ass;isting process when the
driver intentionally operates the steering wheel. ‘

. [0074]  While it is determiﬁcd whether the vd'river intentionally operates the
steering wheel, using the steering .torque Trq as a parameter, in this embodiment, a
physical quantity correlated with the steering torque Trq may be use'd~as a I'Jal_'ametcr.

~For example, the output signal (the steering ‘angle) of the steering angle sensor 10, the
‘output signal (yaw rate) of the yaw rate sensor 5, etc. may be used as physical quantities
correlated with the steering torque Trq. | | |

[0075] While it is determined whether changes in th.e steering angle are caused
by an intentional stéering operation performed by the driver in this embodiment, it may

. be determined whether changes in .the accelerator pedal stroke or position are caused by

an intentional accelerating operation performed by the driver. In this case, it may be
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determined that the driver intentionally performs an accelerating operation, under a
condition that a period of time for which the operation torque (pedal pressure) applied 1o
thc accelerator pedal is kept equal to or larger than a thi'eshold value after reaching a
reference peak value is equal to or longer than a reference time. -

[0076] Next, a second embodiment of the invention will be described with
refe,rénce to FIG 4. In the following, only the arrangements of the second embodiment
which are different from those of the above-described first embodiment will be described,
and the same or similar arrangements will not be described.

[00771 - In the first embodiment as described above, it is determined whether the
driver intentionally operates the steering wheel, depending on the presence or absence of
the steering ' holding period; and then execution of tﬁe driving assisting process is
restricted based on the result of the determination. However, in the second embodiment,

. execution of the driving assisting process is restricted depending on the presence or
absence of the steering holding period.

[0078]  FIG. 4 is a flowchart illustrating a routine executed by the ECU 1 when it

- determines whether execution of the driving assisting process is to be restricted. This
A routine is stored in advance in the ROM of the ECU 1, and is periodically executed b)-l the
ECU 1. In the roufine of FIG 4, the same reference numerals (step numbers) as those
- used in the routine of FIG. 3 are assigned to the same steps.

[0079]  The routinc. of FIG 4 is different from that of FIG. 3 in that step 5201
‘and step S202 are executed in place of steps $107 and 18108 of FIG 3, respectively.
Namely, when the ECU 1 determines in step S106 that the measurement time t of the
timer t is equal to or longer than the reference time tbase, it proceeds to step S201 to
restrict execution of the driving assisting process. If, on the other hand, a negative
deciéion (NO) is obtaine& in step 8162 or step S105, the ECU 1 praceeds to siep §202 to

‘permit execution of the driving assisting process. ‘
| [0080]  The “restriction” mentioned herein may be interpreted as inhibiting both
execution of a warning operation by the buzzer 12 or display device 13 and execution of

a driving assist operatidn by the electric power steering (EPS) system 14 and/or the
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electronically controlled brake (ECB) system 15, or may be interpreted as inhibiting

execution of a driving assist operation by the electric power steering (EPS) system 14
and/or the electronically controlled brake (ECB) system 15 while pcmnittiné execution of

a warning operation by the buzzer 12 or display device 13.
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CLAIMS:

1. A vehicle operating condition determining system, characterized in that, when a

‘ turning angle of wheels or a steering angle of a steering wheel changes, it is determined
whether the turning angle of the wheels or the steering angle of the steering wheel
changes due to a driver’s intention, based on a magmtude of steering torque applied to a
steering device or a magnitude of a physical quantity cortelatcd with the steering torque

* which is measured after the steering torque or the physical quantity reaches a peak.

2. The vehicle operating condition determining system according to claim 1,
wherein it is determined whether the turning angle of the wheels or the steering angle of
the steering wheel changes due to the driver’s intention, using'a change in the magnitude
of the steering torque or the physical quantity measured after the stéering torque or the

physical quantity reaches the peak.

3. The vehicle operating condition determining system according to claim 2, further
comprising:
| detecting means for detecting the steering torque or the physical quantity when the
turning angle of the wheels or the steering angle of the steering wheel changes;
A meaéuring means for measuring a length of time for which the rriagnitude of the
~ steering:torque or the physical quantity detected by the detecting means is kept equal to
or larger than a threshold value after the magnitude of the steering tbrque or the physical
quantity reaches the peak; and |
determining means for determining that the turning angle of the wheels or the
sfeering angle of the steering wheel changes due to ;he driver’s-intention, when the iength

of time measured by the measuring means is equal to or longér than a reference time.

4. The vehicle operating condition determining system according to claim 3,

wherein the determining means determines that the turning angle of the wheels or the
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steering angle of the steering wheel changes due to the driver’s intention, when the peak
of the magnitude of the steering torque or the physical quantity detected by the detecting
" means is equal to or larger than a reference peak value that is larger than the threshold
value, and the length of time measured by the measuring means is equal to or longer than

the reference time.

5. A vehicle dﬁving assist system, characterized in that, when a turning angle of
wheels or a steering angle of a steering wheel changes, execution of a driving assisting
pfocess is restricted, based on a magnitude of steering torque applied to a steering device
or a magnitude of a physical quantity correlated with the steering torque, which is

measured after the steering torque or the physical quantity reaches a peak.

6. The vehicle driving assist system according to claim 5, wherein execution of the
‘driving assisting process is restricted, using a change in the magnitude of the steering
torque or the physical quantity measured after the steering torque or the physical quantity

reaches the peak.

7. The vehicle driving assist system according to claim 6, further comprising:

detecting means for detecting the steering torque or the physical quantity;

measuring means for measuring a length of time for which the magnitude of the
steering torque or the physical quantity detected by the detecting means is kept equal to
or larger than a threshold value after the magnitude of the steering torque or the physical
quantity reaches the peak; and

restricting means for restricting execution of the driving assisting process when the
length of time measured by the measuring means is equal to or longer than a reference

time.

8. Amethod of determining an operating condition of a véhicle, comprising:

determining, when an operation amount of an operating device operated by a driver
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changes, whether the operation amount changes due to a driver’s intention, based on a
magnitude of steering torque applied to the operating device or a magnitude of a physical
quantity correlated with the steering torque, which is measured after the steering torque

or the physical quentity reaches a peak.
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