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1
DRIVING ASSISTANCE SYSTEM FOR
VEHICLE AND VEHICLE EQUIPPED WITH
DRIVING ASSISTANCE SYSTEM FOR
VEHICLE

TECHNICAL FIELD

The present invention relates to a driving assistance system
for vehicle, which assists efforts by drivers to operate vehicles
in traveling.

BACKGROUND ART

A conventional driving assistance system for vehicle learns
time to contact at the start of deceleration when the vehicle is
approaching a leading vehicle ahead and generates an alarm
based on a learnt value (see, for example, patent reference
literature 1). The system estimates a predicted time of the
driver from the time to contact at the start of deceleration
operation and generates an alarm when the predicted value of
the vehicle separation after the predicted time becomes
smaller than an alarm distance.

Patent Reference Literature 1

Japanese Laid Open Patent Publication No. H7-159525

Patent Reference Literature 2

Japanese Laid Open Patent Publication No. 2005-71184

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

The conventional system described above detects driving
characteristics of the driver based on the time to contact at the
start of deceleration operation. However, there has been a
problem that the detection accuracy is reduced due to noise
generated by variations between drivers (interindividual dif-
ference) or variations in each driver (intraindividual difter-
ence).

Means for Solving the Problems

A driving assistance system for vehicle according to the
present invention comprises: a traveling condition detection
means that detects a traveling condition of a vehicle; a drive
operation detection means that detects a drive operation by a
driver; and a drive diagnosis means that estimates driving
characteristics of the driver from the traveling condition
detected by the traveling condition detection means and the
drive operation detected by the drive operation detection
means, and diagnoses drive operation of the driver based
upon the estimated driving characteristics.

A driving assistance method for vehicle according to the
present invention detects a traveling condition of a vehicle;
detects a drive operation by a driver; and estimates driving
characteristics of the driver from the detected traveling con-
dition and the detected drive operation, and, based on the
estimated driving characteristics, diagnosing drive operation
of the driver.

ADVANTAGEOUS EFFECT OF THE INVENTION

According to the present invention, drive diagnoses can be
carried out accurately because drive diagnoses are carried out
based on driving characteristics determined/detected from
traveling conditions of the vehicle and drive operations of the
driver.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

[FIG. 1] A control diagram showing a driving assistance
system for vehicle according to a first embodiment of the
present invention

[FIG. 2] A view illustrating how the driving assistance
system for vehicle shown in FIG. 1 is arranged on an auto-
mobile

[FIG. 3] A flow chart illustrating the processing procedure
of a driving assistance control program achieved in the first
embodiment

[FIG. 4] An illustration of the structure of a traffic road
database

[FIG. 5] An illustration of the data structure

[FIG. 6] A flow chart illustrating the procedure of driver
operation diagnosis processing

[FIGS. 7] (@) and (b) [llustrations of distribution and nor-
mal distribution of time headway THW

[FIGS. 8] (a) to (d) lllustrations of calculation methods of
degree of deviation

[FIGS. 9] (@) and (b) lustrations of calculation methods of
degree of deviation of “this moment” relative to “this day”

[FIG. 10] An illustration of one example of visual infor-
mation presentation

[FIG. 11] An illustration of another example of visual
information presentation

[FIG. 12] A flow chartillustrating the processing procedure
of driving assistance control program achieved in a second
embodiment

[FIG. 13] An illustration of'the data structure of the second
embodiment

[FIG. 14] A flow chart illustrating the procedure of driver
operation diagnosis processing

[FIG. 15] An illustration of one example of visual infor-
mation presentation

[FIG. 16] A flow chartillustrating the processing procedure
of the driving assistance control program achieved in a third
embodiment

[FIG. 17] A flow chart illustrating the procedure of driver
operation diagnosis processing

[FIG. 18] An illustration of the setting method of bins

[FIGS. 19] (@) and (b) Illustrations of the setting method of
initial values to be put in the bins

[FIG. 20] An illustration of degree of deviation calculation
method using mode

[FIG. 21] A control diagram showing the driving assistance
system for vehicle according to a fourth embodiment of the
present invention

[FIG.22] A flow chartillustrating the processing procedure
of the driving assistance control program achieved in the
fourth embodiment

[FIG. 23] A table of symbols used for steering angle
entropy calculations

[FIG. 24] A flow chart illustrating the procedure of calcu-
lation processing of steering angle entropy

[FIG. 25] A table of steering angle bins

[FIG. 26] An example of categories of long-duration steer-
ing angle entropy calculation results

[FIG. 27] An example of relationship between long-dura-
tion steering angle entropy categories and contents to be
informed

[FIG. 28] A flow chartillustrating the processing procedure
of the driving assistance control program achieved in the
variation 1 of the fourth embodiment

[FIG. 29] A flow chartillustrating the processing procedure
of the driving assistance control program achieved in the
variation 1 of the fourth embodiment
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[FIG. 30] A flow chart illustrating the calculation process-
ing procedure of a value of a reference state

[FIG. 31] A table of categories of steering errors

[FIG. 32] A frequency distribution table of steering errors

[FIG. 33] An example of categories of intermediate-dura-
tion steering angle entropy calculation results

[FIG. 34] An example of relationship between intermedi-
ate-duration steering angle entropy categories and contents to
be informed

[FIG. 35] An example of categories of comparison results
of a previous intermediate-duration steering angle entropy
and a measured intermediate-duration steering angle entropy

[FIG. 36] A table of relationship between categories of
comparison results of a previous intermediate-duration steer-
ing angle entropy and a measured intermediate-duration
steering angle entropy and contents to be informed

[FIG. 37] An example of categories of calculation results of
a steering angle error distribution a value

[FIG. 38] An example of relationship between categories
of'the steering angle error distribution . value and contents to
be informed

[FIG. 39] A flow chart illustrating the processing procedure
of the driving assistance control program achieved in the
variation 2 of the fourth embodiment

[FIG. 40] An example of categories of short-duration steer-
ing angle entropy calculation results

[FIG. 41] An example of relationship between short-dura-
tion steering angle entropy categories and contents to be
informed

[FIG. 42] A flow chart illustrating the calculation process-
ing procedure of steering angle entropy in a fiftth embodiment

[FIG. 43] A flow chart illustrating the method to recur-
sively calculate the probability of categories using steering
angle estimation error data

[FIG. 44] A flow chart illustrating the calculation process-
ing procedure of a value of a reference state

[FIG. 45] A flow chart illustrating the method to recur-
sively obtain frequency distribution using steering angle esti-
mation error data

[FIG. 46] A control diagram showing the driving assistance
system for vehicle according to a sixth embodiment of the
present invention

[FIG. 47] A flow chart illustrating the processing procedure
of'the driving assistance control program achieved in the sixth
embodiment

[FIG. 48] A flow chart illustrating the calculation process-
ing procedure of accelerator pedal position entropy

[FIG. 49] An example of categories of long-duration accel-
erator pedal position entropy calculation results

[FIG. 50] An example of relationship between long-dura-
tion accelerator pedal position entropy categories and con-
tents to be informed

[FIG. 51] A flow chart illustrating the processing procedure
of the driving assistance control program achieved in the
variation 1 of the sixth embodiment

[FIG. 52] A flow chart illustrating the processing procedure
of the driving assistance control program achieved in the
variation 1 of the sixth embodiment

[FIG. 53] A flow chart illustrating the calculation method
of cap value of a reference state

[FIG. 54] An example of categories of intermediate-dura-
tion accelerator pedal position entropy calculation results

[FIG. 55] An example of relationship between intermedi-
ate-duration accelerator pedal position entropy categories
and contents to be informed
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[FIG. 56] An example of categories of comparison results
of a previous intermediate-duration accelerator pedal posi-
tion entropy and a measured intermediate-duration accelera-
tor pedal position entropy

[FIG. 57] An example of relationship between categories
of comparison results of a previous intermediate-duration
accelerator pedal position entropy and a measured interme-
diate-duration accelerator pedal position entropy and con-
tents to be informed

[FIG. 58] An example of categories of accelerator pedal
position error distribution o value calculation results

[FIG. 59] An example of relationship between accelerator
pedal position error distribution o value categories and con-
tents to be informed

[FIG. 60] A flow chartillustrating the processing procedure
of the driving assistance control program achieved in the
variation 2 of the sixth embodiment

[FIG. 61] An example of categories of short-duration
accelerator pedal position entropy calculation results

[FIG. 62] An example of relationship between short-dura-
tion accelerator pedal position entropy categories and con-
tents to be informed

[FIG. 63] A control diagram showing the driving assistance
system for vehicle according to a seventh embodiment of the
present invention

[FIG. 64] A view illustrating how the driving assistance
system for vehicle shown in FIG. 63 is arranged on an auto-
mobile

[FIG. 65] A flow chartillustrating the processing procedure
of the driving assistance control program achieved in a sev-
enth embodiment

[FIG. 66] An illustration of the data structure

[FIG. 67] A flow chart illustrating the procedure of driver
operation diagnosis processing

[FIGS. 68] (a) to (d) llustrations of calculation methods of
degree of deviation

[FIGS. 69] (a) and (b) Illustrations of calculation methods
of degree of deviation using time to contact TTC

[FIG. 70] An illustration of one example of visual infor-
mation presentation

[FIG. 71] An illustration of another example of visual
information presentation

[FIG. 72] A control diagram showing the driving assistance
system for vehicle according to an eighth embodiment of the
present invention

[FIG. 73] A flow chartillustrating the processing procedure
of the driving assistance control program achieved in the
eighth embodiment

[FIG. 74] A timing diagram illustrating an example of a
variation curve of time to lane crossing

[FIG. 75] A diagram illustrating an example of a frequency
distribution of time to lane crossing

[FIG. 76] A diagram illustrating an example of variations
of time to lane crossing

[FIG. 77] A flow chart illustrating the procedure of driver
operation diagnosis processing

[FIG. 78] A flow chartillustrating the processing procedure
of the driving assistance control program achieved in a ninth
embodiment

[FIG. 79] A flow chart illustrating the procedure of driver
operation diagnosis processing

[FIG. 80] A flow chartillustrating the processing procedure
of the driving assistance control program achieved in a tenth
embodiment

[FIG. 81] A flow chart illustrating the procedure of driver
operation diagnosis processing
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[FIG. 82] A flow chart illustrating the processing procedure
of'the driving assistance control program achieved in an elev-
enth embodiment

[FIG. 83] A flow chart illustrating the procedure of driver
operation diagnosis processing

[FIG. 84] An illustration of one example of visual infor-
mation presentation

[FIG. 85] An illustration of another example of visual
information presentation

[FIGS. 86] (a) and (b) [llustrations of calculation methods
of degree of deviation using vehicle velocity limits

[FIG. 87] A control diagram showing the driving assistance
system for vehicle according to a tweltth embodiment of the
present invention

[FIG. 88] A flow chart illustrating the processing procedure
of the driving assistance control program achieved in the
twelfth embodiment

[FIG. 89] A flow chart illustrating the procedure of driver
operation diagnosis processing

[FIG. 90] An illustration of one example of visual infor-
mation presentation

[FIG. 91] An illustration of another example of visual
information presentation

EXPLANATION OF REFERENCE NUMERALS

7: steering angle sensor

10: laser radar

15: front camera

30: vehicle speed sensor

35: acceleration sensor

50: navigation system

55: accelerator pedal position sensor
60: brake pedal stroke sensor

65: turn signal switch

100, 200, 250, 300, 350, and 400: controllers
130: speaker

180: display unit

BEST MODE FOR CARRYING OUT THE
INVENTION

<<First Embodiment>>

A driving assistance system for vehicle according to the
first embodiment of the present invention will be now
explained with reference to the drawings. FIG. 1 is a control
diagram showing a driving assistance system 1 for vehicle
according to the first embodiment of the present invention.
FIG. 2 is a view illustrating how the driving assistance system
1 for vehicle is arranged on an automobile.

At first, the structure of the driving assistance system 1 for
vehicle will now be explained.

A laser radar 10, mounted to a front grille, bumper, or the
like of the vehicle, propagates infrared light pulses horizon-
tally so as to scan the region ahead of the vehicle. The laser
radar 10 measures the reflected radiation of the infrared light
pulses having been reflected by a plurality of obstacles ahead
(usually, the rear end of a leading vehicle) and detects a
vehicle separation or a distance to the plurality of obstacles
and a relative velocity from arrival time of the reflected radia-
tion. The detected vehicle separation and the relative velocity
are output to a controller 100. The region ahead of the vehicle
scanned by the laser radar 10 is approximately +6 deg to each
side of an axis parallel to the vehicle longitudinal centerline,
and the objects existing in the range are detected.

A vehicle speed sensor 30 measures the number of wheel
revolutions or the number of revolutions of the output side of
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the transmission so as to detect the vehicle speed of the
vehicle, and outputs the detected vehicle speed to the control-
ler 100.

A navigation system 50, including a GPS (Global Position-
ing System) receiver, a map database, a display monitor, and
the like, is a system to perform a path search, a routing
assistance, and the like. Based on current location of the
vehicle obtained via the GPS receiver and road information
stored in the map database, the navigation system 50 obtains
information on the class, the width, and the like of the road
along which the vehicle travels.

A brake pedal stroke sensor 60 detects the depression
amount of the brake pedal by the driver (degree of operation
of'the brake pedal). The brake pedal stroke sensor 60 outputs
the detected brake pedal operation amount to the controller
100. A turn signal switch 65 detects whether or not the driver
has operated a turn signal lever and outputs a detection signal
to the controller 100.

The controller 100, constituted by a CPU and CPU periph-
eral components such as a ROM and a RAM, controls the
overall driving assistance system 1 for vehicle. Based on
signals received from the laser radar 10, the vehicle speed
sensor 30, the brake pedal stroke sensor 60, the turn signal
switch 65, and the like, the controller 100 analyzes driving
characteristics of the driver and carries out drive diagnosis.
Then, based on the drive diagnosis result, the controller 100
provides the driver with information. Information provided to
the driver includes alarm to the driver, suggestion to improve
the drive operation, and the like. Control contents of the
controller 100 are described in detail later.

A speaker 130 is used to provide the driver with informa-
tion in a beep sound or in a voice, in response to a signal from
the controller 100. A display unit 180 is used to display an
alarm or improvement suggestion to operation of the driver, in
response to a signal from the controller 100. For example, the
display monitor of the navigation system 50, a combination
meter, and the like can be used as the display unit 180.

Next, the behavior of the driving assistance system 1 for
vehicle according to the first embodiment will be explained,
beginning with the outline thereof.

Based on traveling conditions of the vehicle and drive
operation of the driver, the controller 100 carries out drive
diagnosis of the driver, and, in response to the drive diagnosis
result, alerts the driver and suggests the driver to improve the
drive operation. More specifically, the controller 100 detects
driving characteristics in the case where the vehicle is follow-
ing a leading vehicle and carries out drive diagnosis using the
detected driving characteristics as an index. Then, if the drive
diagnosis result indicates that the driver is driving riskier than
he usually is, i.e., if the drive operation of the driver is devi-
ated into a riskier state, the controller 100 alerts the driver so
as to inform the driver thereof before the drive operation of the
driver goes into a high-risk state. On the other hand, if the
drive diagnosis result indicates that the drive operation of the
driver is better than the standard of drive operation of general
public, the controller 100 provides the driver with informa-
tion so as to encourage safer driving or suggest improvement.

Thus, the driving assistance system 1 for vehicle achieved
in the first embodiment includes three functions, i.e., a func-
tion to detect the drive operation of the driver through drive
diagnosis, a function to alert the driver in response to the
detected result, and a function to give an improvement sug-
gestion to the driver in response to the detected result.
Accordingly, the driving assistance system 1 for vehicle
allows and encourages the driver to see his own driving char-
acteristics objectively, and provides the driver with an advice
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depending upon the driving characteristics so that the driver
can learn a driving method to reduce the risk.

The behavior of the driving assistance system 1 for vehicle
according to the first embodiment will be explained in detail
with reference to FIG. 3. FIG. 3 is a flow chart of the proce-
dure of driving assistance control processing performed by
the controller 100 achieved in the first embodiment. The
processing is performed continuously at regular intervals,
e.g., for every 50 msec.

At first, traveling conditions of the vehicle are detected in
step S400. Here, as the traveling conditions of the vehicle, the
controller 100 obtains velocity V of the vehicle detected by
the vehicle speed sensor 30, and vehicle separation D and
relative vehicle velocity Vr between the vehicle and the lead-
ing vehicle detected by the laser radar 10. In step S405,
operating states of the driver are detected. Here, as the oper-
ating states of the driver, the controller 100 obtains a brake
pedal operation amount detected by the brake pedal stroke
sensor 60 and whether or not the turn signal lever has been
operated detected by the turn signal switch 65.

In step S407, in order to determine traffic scene of the
vehicle described later, the controller 100 calculates time to
contact TTC and time headway THW between the vehicle and
the leading vehicle. Time to contact TTC is a physical quan-
tity representing a current degree of closeness of the vehicle
relative to the leading vehicle. Time to contact TTC indicates
the number of seconds before the vehicle separation D
becomes zero and the vehicle and the leading vehicle contact
with each other if the current traveling condition remains, i.e.,
if the velocity V of the vehicle and the relative vehicle velocity
Vr are constant. Time to contact TTC is expressed by the
following equation (1).

TTC=D/V¥ (Equation 1)

Time headway THW is a physical quantity representing a
degree of influence on time to contact TTC by a predicted
future change in velocity of the leading vehicle when the
vehicle is following the leading vehicle, i.e., a degree of
influence on the assumption that the relative vehicle velocity
Vr changes. Time headway THW, which is the quotient of
vehicle separation D divided by the velocity V of the vehicle,
represents time until the vehicle reaches the current position
of the leading vehicle. Time headway THW is expressed by
the following equation (2).

THW=D/V (Equation 2)

In step S410, the traffic scene of the vehicle is determined.
The accuracy of drive diagnosis is improved by limiting con-
ditions to vehicle traveling conditions and operating states of
the driver, and, in order to reduce discomfort to the driver
when information is provided to the driver in response to the
drive diagnosis result, traffic scene of the vehicle is deter-
mined so that drive diagnosis is carried out solely in a par-
ticular traffic scene. More specifically, drive diagnosis is car-
ried out exclusively in a traffic scene in which the vehicle is
stably following the same leading vehicle.

Examples of conditions of stable follow-up travel scenes
are as follows.

(a) The vehicle is following the same leading vehicle (For
example, the difference between the current vehicle separa-
tion and the previously measured vehicle separation is less
than 4 meters)

(b) The vehicle is not approaching rapidly (For example,
time to contact TTC is more than 10 seconds)

(c) Time headway THW is equal to or less than a predeter-
mined value (For example, time headway THW is less than
four seconds)
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(d) There is no brake operation performed by the driver
(For example, the brake pedal operation amount is substan-
tially zero)

(e) There is no turn signal lever operation performed by the
driver (For example, there is no ON signal received from the
turn signal switch 65)

() The above states (a) to (e) remain (For example, for five
seconds or more)

When the conditions (a) to (f) are all satisfied, the control-
ler 100 determines that the traffic scene of the vehicle is a
stable follow-up travel scene, and the flow of control proceeds
to step S412 for the controller 100 to carry out drive diagno-
sis. On the other hand, in the case where any of the conditions
(a)to (f) is not satisfied, the controller 100 determines that the
traffic scene of the vehicle does not correspond to a particular
traffic scene, does not carry out drive diagnosis, and termi-
nates the processing. It is to be noted that conditions in which
the controller 100 determines whether or not the traffic scene
of'the vehicle is a stable follow-up travel scene are not limited
to the above conditions (a) to (f). In addition, another detec-
tion means may detect whether or not the brake has been
operated and whether or not the turn signal lever has been
operated.

In step S412, the controller 100 determines travel location.
More specifically, based on database, the controller 100
labels index numbers to link IDs described in map informa-
tion of the navigation system 50. A link ID is an ID assigned
to a link that connects together nodes, which are attribution
change points at which lane attribution is changed. Each link
has data of road category, link length (distance between
nodes), and so on. In step S414, the controller 100 records the
present time.

In step S416, based on the labeling results in steps S412
and S414, the controller 100 stores dataused to carry out drive
diagnosis of the driver. Here, for example, as FIG. 4 shows,
the present time, i.e., the time at which the vehicle traveled in
the link, the travel distance, a follow-up characteristic index
in the link, the number of travels in the link, and the like are
written in the structure for each link ID so as to create traffic
road database. In the first embodiment, time headway THW is
used as a physical quantity representing follow-up character-
istics of the driver. Calculation methods of the follow-up
characteristics and the follow-up characteristic index will be
explained in detail in drive diagnosis processing.

In the following step S420, the data stored in step S416 are
used to carry out drive diagnosis of the driver. Drive diagnosis
is carried out based on driving characteristics of the driver in
a traffic scene in which the vehicle is stably following the
leading vehicle. Driving characteristics when the vehicle is
following the leading vehicle include, for instance, time head-
way THW of the vehicle and the leading vehicle, inverse of
time headway THW, vehicle separation, inverse of vehicle
separation, and so on. In the firstembodiment, a case in which
time headway THW is used is explained as an example.

FIG. 5 illustrates the data structure of the driving assistance
system 1 for vehicle. A layer A represents the amount of data
of relatively short-duration “this moment”, which indicates
the current operating condition of the driver. A layer B rep-
resents the amount of data of “this day”, indicating the driv-
er’s operating condition of the day, which is longer than “this
moment”. A layer C represents the amount of data of “usual”
indicating the usual operating condition of the driver, which is
longer than “this day”, i.e., personal characteristics. A layer D
represents the amount of data of driving characteristics of
“general public”, which is used to compare operation of each
driver with that of general driver and to diagnose the opera-
tion of each driver.
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A lower layer has a larger amount of data. The amount of
data included in each of the layers corresponds to the number
of'samples used to calculate the mean values of time headway
THW in “this moment”, “this day”, and “usual”. The data
structure shown in FIG. 5 is achieved by varying the number
of the samples. The values of data included in each of the
layers are continually updated by real-time calculations
explained below.

In drive diagnosis processing, the controller 100 uses the
data of each of the layer A to the layer D so as to detect
operation of the driver in different time spans, i.e., in “this
moment”, “this day”, and “usual”. The drive diagnosis pro-
cessing executed in step S420 will be explained in detail with
reference to the flow chart of FIG. 6.

In step S422, a follow-up characteristic value of the driver
of “this moment” is calculated so as to carry out drive diag-
nosis of “this moment” of the driver. As follow-up character-
istic values of the driver, the controller 100 calculates a mean
value Mean_x(n) and a standard deviation Stdev_x(n) of time
headway THW in a predetermined period of time that defines
“this moment”. Here, the predetermined period of time that
defines “this moment” is, for example, 60 seconds, and, the
mean value Mean_x(n) and the standard deviation Stdev_x(n)
of time headway THW are calculated using data for 60 sec-
onds from the past to the present detected in the stable follow-
up travel scene determined in step S410. The mean value
Mean_x(n) and the standard deviation Stdev_x(n) are calcu-
lated using the following parameters.

x(n): Data obtained at this time, i.e., time headway THW
calculated in step S407

K: The number of data of THW calculated in a predeter-
mined period of time

M, (n): The sum of THW in a predetermined period of time
to be calculated this time

M,(n): The sum of squares of THW in a predetermined
period of time to be calculated this time

M, (n-1): The sum of THW in a predetermined period of
time calculated in the previous time

M,(n-1): The sum of squares of THW in a predetermined
period of time calculated in the previous time

Mean_x(n): The mean value of the data of this time, i.e., the
mean value of THW

Var_x(n): The variance of the data of this time, i.e., the
variance of THW

Stdev_x(n): The standard deviation of the data of this time,
i.e., the standard deviation of THW

Here, the number of data K is determined by the product of
a predetermined period of time multiplied by the number of
samplings per second. For instance, when the predetermined
time for “this moment” is 60 seconds and the number of
samplings is 5 Hz, the number of data K=300.

The sum M, (n) and the sum of squares M,(n) are each
calculated using the following equations (3) and (4) with
these parameters.

M (=M (n-1)+x(n)-M (n-1)/K (Equation 3)

M) =M (n-1)+(x(1)-M,(n-1)K (Equation 4)

The mean value Mean_x(n), the variance Var_x(n), and the
standard deviation Stdev_x(n) of time headway THW at “this
moment” are calculated using the following equations (5),
(6), and (7), respectively.

Mean_ x(n)=M,(n)/K (Equation 5)

Var__x(n)=M,(n)/K-(M,(n))/K> (Equation 6)

Stdev__x(32)=v(Var_x(n)) (Equation 7)
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In step S424, in order to carry out drive diagnosis of “this
day” of the driver, the controller 100 calculates follow-up
characteristic values of the driver of “this day”, i.e., the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
time headway THW in a predetermined period of time which
defines “this day”. Here, the predetermined period of time
that defines “this day” is, for instance, 360 seconds, and the
mean value Mean_x(n) and the standard deviation Stdev_x(n)
of time headway THW are calculated using data for 360
seconds from the past to the present detected in the stable
follow-up travel scene determined in step S410.

More specifically, as is the case with “this moment”, the
equations (5) and (7) are used to calculate the mean value
Mean_x(n) and the standard deviation Stdev_x(n). Here, the
number of data K=1800, where the predetermined time for
“this day” is 360 seconds and the number of samplings is 5
Hz.

In step S426, in order to carry out drive diagnosis of
“usual” of the driver, the controller 100 calculates follow-up
characteristic values of the driver of “usual”, i.e., the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
time headway THW in a predetermined period of time which
defines “usual”. Here, the predetermined period of time that
defines “usual” is, for instance, 2160 seconds, and the con-
troller 100 calculates the mean value Mean_x(n) and the
standard deviation Stdev_x(n) of time headway THW using
data for 2160 seconds from the past to the present detected in
the stable follow-up travel scene determined in step S410.

More specifically, as is the case with “this moment”, the
equations (5) and (7) are used to calculate the mean value
Mean_x(n) and the standard deviation Stdev_x(n). Here, the
number of data K=10800, where the predetermined time for
“usual” is 2160 seconds and the number of samplings is 5 Hz.

Inprocessing after the following step S428, drive diagnosis
of'the driver is carried out using the follow-up characteristic
values calculated in steps S422, S424, and S426. Here, the
follow-up characteristics of the driver based on data obtained
in different time spans are each compared so as to diagnose
the drive operation of the driver based on how much both of
the follow-up characteristics deviate. In other words, in the
data structure shown in FIG. 5, an upper layer (e.g., the layer
A) is compared with a lower layer (e.g., the layer B) so as to
carry out the drive diagnosis.

At first, in step S428, the controller 100 calculates the
degree of deviation that indicates how much the follow-up
characteristics of the driver of “this moment” deviate from
those of “this day”. Here, the degree of deviation of “this
moment” relative to “this day” indicates the difference
between the distribution of time headway THW of “this day”
and that of “this moment”. In order to calculate the degree of
deviation of “this moment” relative to “this day”, the distri-
bution of time headway THW of “this day” is used as a
reference distribution which represents a long-duration
action distribution, and the distribution of time headway
THW of “this moment” is used as a distribution of compari-
son target which represents a short-duration action distribu-
tion.

As acalculation method of degree of deviation, a method in
which distribution functions of short-duration (e.g., “this
moment”) and long-duration (e.g., “this day”) are compared
at a position (referred to as a comparison value x ;) of “mean
value minus standard deviation” of the action distribution of
long-duration (e.g., “this day”) is adopted.

For calculating degree of deviation, the mean value
Mean_x(n) and the standard deviation Stdev_x(n) of time
headway THW calculated in steps S422 and S424 are used to
calculate a probability density function on the assumption
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that time headway THW is normally-distributed. FIG. 7(a)
shows a frequency distribution of time headway THW which
has actually been calculated and a probability density distri-
bution (shown in solid line) of time headway THW which is
approximated by a normal distribution, while FIG. 7(b)
shows cumulative distributions of them. As FIGS. 7(a) and
(b) show, a distribution on the assumption that time headway
THW is normally distributed and the actual distribution con-
form well.

As FIGS. 8(a) and (b) show, the controller 100 calculates
degree of deviation Dist,,, which indicates how much the
short-duration normal distribution of comparison target devi-
ates from the reference long-duration normal distribution, in
the region of comparison target that is set based on a prede-
termined value (comparison value x, ;). More specifically, the
difference (area of the hatched region in FIG. 8(a) and the
length of the arrow in FIG. 8(5)) between comparison distri-
bution and reference distribution in the region where time
headway THW is shorter than the comparison value x,,, cor-
responds to the degree of deviation Dist ,» Calculation meth-
ods shown in FIGS. 8(c) and (d) will be described later.

FIGS. 9(a) and () show probability density distribution
and cumulative distribution calculated based on the results
obtained through actual experiments on the public roads. In
FIG. 9(a), probability density distribution of time headway
THW approximated by normal distribution is shown in
dashed-dotted line using the mean value Mean_x(n) and the
standard deviation Stdev_x(n) of “this moment”, and prob-
ability density distribution of time headway THW approxi-
mated by normal distribution is shown in solid line using the
mean value Mean_x(n) and the standard deviation Stdev_x(n)
of “this day”. In FIG. 9(b), cumulative distribution of “this
moment” is shown in dashed-dotted line, and that of “this
day” is shown in solid line. In FIGS. 9(a) and (b), the mean
value Mean_x(n) of time headway THW of <“this
moment™=1.22, the standard deviation Stdev_x(n)
thereof =0.80, the mean value Mean_x(n) of time headway
THW of “this day”=1.63, and the standard deviation Stdev_x
(n) thereof =1.00.

At first, the comparison value x_,; is calculated using the
following equation (8) from mean value Mean_std and stan-
dard deviation Stdev_std of reference distribution.

Xg7~Mean_std-Stdev_std (Equation 8)

The comparison valuex,, is a value of time headway THW
that indicates the point in which reference distribution and
comparison distribution are compared, which corresponds to
the positions shown in dashed line in FIGS. 8(a) and (b).

Next, the value of cumulative distribution at the compari-
son value x,,, of reference distribution is calculated. A prob-
ability density function f{(x) of normal distribution is calcu-
lated using the following equation (9), where the mean value
is denoted by p and the standard deviation is denoted by o
(refer to FIG. 8(a)).

(Equation 9)

The probability density function f(x) calculated using
equation (9) is integrated to give a cumulative distribution
function F(x) as expressed in the following equation (10)
(refer to FIG. 8(b)).
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(Equation 10)

Probability F, (x) of cumulative distribution in compari-
son value x,, ;s calculated using the following equation (11),
where the mean value of the reference distribution is denoted
by u,,,and the standard deviation thereof is denoted by o_,,.

Gt
1 )
Faa(x) = e sid /dx
TV 21

Next, the value of cumulative distribution in the compari-
son value x,,;, of comparison distribution is calculated. A
probability F_,, .(x) of cumulative distribution in comparison
value x,,; is calculated using the following equation (12),
where the mean value of the comparison distribution is
denoted by w.,,,, and the standard deviation thereof is
denoted by o

comp*

(Equation 11)

(Equation 12)
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The difference between the probability F, (x) of cumula-
tive distribution of the reference and the probability F.,,,(x)
of cumulative distribution of the comparison target is calcu-
lated using the following equation (13) as the degree of devia-
tion Dist ;-of “this moment” relative to “this day”.

Distyp=F compX)~F s14(%) (Equation 13)

Itis indicated that as degree of deviation Dist , sincreases in
a positive direction, the operation of the driver of “this
moment” is biased in the direction in which time headway
THW is short more than that of “this day” is, i.e., in a more
risky direction. It is indicated that as degree of deviation
Dist,, »increases in a negative direction, the operation of the
driver of “this moment” is biased in the direction in which
time headway THW is long more than that of “this day” is,
ie., in a less risky direction. Degree of deviation Dist,,,
becomes zero when the driver is always engaged in an opera-
tion with the same follow-up characteristics.

In step S428, the controller 100 calculates degree of devia-
tion Dist ; -of “this moment” relative to “usual”. In this case,
distribution of time headway THW of “usual” is used as a
distribution of reference indicating long-duration action dis-
tribution, and distribution of time headway THW of “this
moment” is used as a distribution of comparison target indi-
cating short-duration action distribution. Then, the probabil-
ity F, (x) of cumulative distribution of “usual” and the prob-
ability F_,,(x) of cumulative distribution of “this moment”
are used to calculate the degree of deviation Dist ;- of “this
moment” relative to “usual” using the above described equa-
tion (13).

Thus, in step S428, the controller 100 calculates each of the
degrees of deviation Dist,;,-of “this moment” relative to “this
day” and of “this moment” relative to “usual”, and then the
flow of control proceeds to step S430. In step S430, as is the
case with the processing executed in step S428, the controller
100 calculates degree of deviation Dist ;-of “this day” rela-
tive to “usual”. It is to be noted that here distribution of time
headway THW of “usual” is used as a distribution of refer-
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ence indicating a long-duration action distribution, and dis-
tribution of time headway THW of “this day” is used as a
distribution of comparison target indicating a short-duration
action distribution.

In the following step S432, as is the case with the process-
ing executed in step S428, the controller 100 calculates
degree of deviation Dist,, of “usual” relative to “general
public”. It is to be noted that here distribution of time head-
way THW of “general public” is used as a distribution of
reference indicating a long-duration action distribution, and
distribution of time headway THW of “usual” is used as a
distribution of comparison target indicating a short-duration
action distribution. An appropriate value is set in advance as
a fixed value for the follow-up characteristic value of “general
public”, i.e., the mean value and the standard deviation of
time headway THW.

Thus, after drive diagnosis of the driver is carried out in
step S420 using data obtained in a plurality of different time
spans, the flow of control proceeds to step S440. It is to be
noted that for the sake of simplicity, degree of deviation
Dist,, ;of “this moment” relative to “usual” will be denoted by
Dist_1a, degree of deviation Dist ;;0f “this moment” relative
to “this day” will be denoted by Dist_15, degree of deviation
Dist,, of “this day” relative to “usual” will be denoted by
Dist_2, and degree of deviation Dist - of “usual” relative to
“general public” will be denoted by Dist_3.

In step S440, the controller 100 determines whether or not
to execute alarm presentation processing based on the drive
diagnosis result in step S420. Here, the controller 100 makes
a decision as to whether or not degree of deviation Dist_1a of
“this moment” relative to “usual”, degree of deviation
Dist_15 of “this moment” relative to “this day” calculated in
step S428, or degree of deviation Dist_2 of “this day” relative
to “usual” calculated in step S430 is greater than a threshold
value (for example, 0.30) used to determine whether or not to
present an alarm. When degree of deviation Dist_1a, Dist_15,
or Dist_2 is greater than the threshold value, the flow of
control proceeds to step S450 so that the controller 100 pre-
sents the alarm to the driver. After presenting the alarm, the
controller 100 terminates the processing.

For example, in the case where degree of deviation Dist_2
of “this day” relative to “usual” is greater than the threshold
value, a voice “Today, you have a vehicle separation shorter
than that you usually have. Drive safe” comes out of the
speaker 130 together with a beep sound. The voice informa-
tion contents are set so as to inform the driver that the driver
is presently having a vehicle separation shorter than a usual
vehicle separation, or so as to encourage the driver to have a
vehicle separation longer than the present vehicle separation.
When degree of deviation Dist_1a of “this moment” relative
to “usual” is greater than the threshold value, a voice, for
instance, “Are you in a hurry? Drive safe” comes out of the
speaker 130 together with a beep sound. It is to be noted that
the actual voice information is not limited to those. When
degree of deviation Dist_15 of “this moment” relative to “this
day” is greater than the threshold value, too, pre-set appro-
priate voice information comes out.

It a negative decision is made in step S440 and the alarm is
not presented, the flow of control proceeds to step S460 and
the controller 100 determines whether or not to execute
instruction presentation processing based on the drive diag-
nosis result in step S420. Here, the controller 100 makes a
decision as to whether or not degree of deviation Dist_3 of
“usual” relative to “general public” calculated in step S432 is
smaller than a threshold value (for example, 0.07) used to
determine whether or not to present an instruction (improve-
ment suggestion). The threshold value used to determine
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whether or not to present an instruction is an appropriately
pre-set value within whose range the degree of deviation of
the same driver substantially always falls. The above-de-
scribed value “0.07” has been set based on the results of
experiments using a real vehicle and 15 test objects. Accord-
ing to the experiment results, the degree of deviation calcu-
lated per test object is always equal to or less than 0.07.

If Dist_3 is smaller than the threshold value, the flow of
control proceeds to step S470 and the controller 100 presents
an instruction to the driver. After presenting the instruction,
the controller 100 terminates the processing.

For instance, as instruction presentation contents, the con-
troller 100 outputs a display and a voice that praise the drive
operation of the driver. For example, degree of deviation
Dist_3 of “usual” is converted into a score and displayed.
More specifically, a value having been obtained by reversing
the sign of degree of deviation Dist_3 and by adding 50
thereto is displayed on the display unit 180 as a score of usual
drive operation of the driver. In other words, a driver who
tends to have a higher risk scores 50 points or less, while a
driver who drives safely scores 50 points or more. It is to be
noted that the score is expressed in a range from 0 to 100: if a
score obtained by converting degree of deviation Dist_3 is
greater than 100, the score displayed to the driver is 100
points, while a score obtained by converting degree of devia-
tion Dist_3 is smaller than 0, the score displayed to the driver
is 0 points.

As shown in FIG. 10, distribution of vehicle separation of
general public is schematically displayed on the display unit
180 so as to inform the driver of the vehicle separation of
“usual” of the driver in comparison with that of general pub-
lic. FIG. 10 indicates that vehicle separation of the driver is
longer than the mean value of vehicle separation of general
public by two grades, informing the driver of visual informa-
tion that the driver has more safety-oriented follow-up char-
acteristics than general public has.

In addition, through a voice coming out of the speaker 130,
the controller 100 informs the driver that usual vehicle sepa-
ration of the driver is a longer than that of general public,
therefore the driver is an excellent driver who performs fol-
low-up traveling safely. For example, a voice “You are driving
carefully. Keep it up!” comes out. Thus, the controller 100
outputs a display and a voice so as to inform the driver that the
follow-up driving characteristics of the driver is better than
those of general public driver and encourage the driver to
keep up the good operation or improve his operation.

It is to be noted that although the above examples of dis-
plays and voices include an expression “vehicle separation”,
with which the driver is familiar, displays and voices may
include an expression “time headway”. Contents of displays
and voices are not limited to the above examples as long as
displays and voices effectively convey operational character-
istics to the driver so as to alert the driver to prevent the
operation from being in a risky state and so as to suggest
further improvement in operation.

Another example of display based on drive diagnosis result
is shown in FIG. 11. In FIG. 11, the vertical axis represents
personal characteristics of the driver relative to follow-up
characteristics of general public, and the horizontal axis rep-
resents the current state of the driver relative to usual follow-
up characteristics of the driver. As described earlier, for
instance, time headway THW and vehicle separation may be
used as follow-up characteristics. When degree of deviation
of “this day” relative to “usual” calculated in step S430 is
great, a marker M shifts rightward, i.e., in a direction of high
risk. When degree of deviation of “usual” relative to “general
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public” calculated in step S432 is great, the marker M shifts
upward, i.e., in a direction of high risk.

Thus, in the display example shown in FIG. 11, the drive
diagnosis result on the basis of “general public” and that of
“usual”, i.e., the drive diagnosis result on the basis of personal
characteristics of the driver are plotted on a two-dimensional
map configured with two axes. It is to be noted that the
horizontal axis may represent degree of deviation of “this
moment” relative to “this day” or that of “this moment”
relative to “usual”. In addition, the vertical axis and the hori-
zontal axis may be switched with each other and displayed.

Furthermore, as shown in FIG. 11, the two-dimensional
map may be divided into a plurality of blocks in different
colors for each of them so that the driver easily understands
where the follow-up characteristics of the driver are plotted.
For example, the top-right block of FIG. 11 may be displayed
in dark color, e.g. dark red, and the bottom-left block may be
displayed in subtle color, e.g. pastel blue, using color grada-
tion therebetween.

The following operations and advantageous effects can be
achieved in the first embodiment explained above.

(1) The driving assistance system 1 for vehicle detects
traveling condition of the vehicle and drive operation by the
driver, and estimates driving characteristics of the driver from
the traveling condition and drive operation. Then, based on
the estimated driving characteristics, the driving assistance
system 1 for vehicle diagnoses drive operation of the driver.
Since actual drive operation by the driver depends on personal
characteristics of the driver and environmental factors such as
traveling conditions, accurate drive diagnosis is assured by
detecting driving characteristics from drive operations and
traveling conditions.

(2) The driving assistance system 1 for vehicle stores data
of detected traveling condition and drive operation, and car-
ries out drive diagnosis using data with limited temporal
position and range from among the stored data. A temporal
position represents the point of time (e.g., at present, one day
ago, ten days ago, etc.) on the time axis at which the data is
detected, while a temporal range represents the period of time
(e.g., one minute, ten minutes, one day, etc.) during which the
data is detected. This allows the driving assistance system 1
for vehicle to figure out temporal change in drive operation of
the driver so as to achieve accurate drive diagnosis.

(3) After a predetermined amount or more of data of trav-
eling condition and drive operation are stored, the controller
100 carries out drive diagnosis using the stored data. Namely,
the controller 100 carries out drive diagnosis using a sufficient
amount of data for determining driving characteristics of the
driver, resulting in assuring accurate drive diagnosis.

(4) The controller 100 carries out drive diagnosis by setting
a plurality of temporal ranges for the detected traveling con-
dition and drive operation, updating in real time the data
obtained in each of the temporal ranges, and comparing the
plurality of data. For instance, the controller 100 updates in
real time each of data obtained over a long duration and those
obtained over a short duration and compares between those
data. This allows the controller 100 to detect temporal change
in drive operation of the driver so as to ensure accurate drive
diagnosis.

(5) The controller 100 carries out drive diagnosis by
obtaining data of the first period of time (short-duration data)
indicating the current traveling condition and drive operation
and data of the second period of time (intermediate-duration
data) indicating the traveling condition and drive operation of
the day, which is longer than the first period of time and by
comparing the data of the first period of time and the second
period oftime. This allows the controller 100 to detect change
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in the current drive operation of the driver in comparison with
that of the day and to accurately diagnose whether or not the
current drive operation is good.

(6) The controller 100 carries out drive diagnosis by
obtaining data indicating usual traveling condition and drive
operation of the driver (long-duration data) and comparing
the data with another data having been obtained in another
temporal range. More specifically, the controller 100 carries
out drive diagnosis by comparing long-duration data with,
data of the driver of general public, short-duration data, etc.
This assures accurate drive diagnosis from the point of view
whether or notusual drive operation of the driver is better than
that of general public, or, how the present drive operation is
changed from the usual drive operation.

(7) The controller 100 uses the difference in values in a
predetermined range between a plurality of data in different
temporal ranges so as to carry out drive diagnosis. For
instance, as shown in FIGS. 8(a) and (4), the controller 100
calculates the difference in probabilities in the region equal to
or less than comparison value x,; of two data of time head-
way distribution. This allows the controller 100 to figure out
the gap in driving characteristics in a region where time
headway THW is short and the risk is high, resulting in
carrying out accurate drive diagnosis.

(8) On the assumption that distributions of the plurality of
data in different temporal ranges individually have a particu-
lar form, the controller 100 calculates the plurality of data
distributions by obtaining their distribution parameters. More
specifically, on the assumption that the data are normally
distributed, the controller 100 calculates the plurality of data
distributions by obtaining the mean values of the data distri-
butions and the standard deviations thereof. As shown in
FIGS. 7(a) and (b), since the actual data conform well to the
normal distribution, the data are approximated to normal
distribution for effective comparison of the data.

(9) The controller 100 carries out drive diagnosis by cal-
culating the data distributions for each ofthe plurality of data,
setting a predetermined range from the reference data distri-
bution among the plurality of calculated data distributions,
and using the difference in values between the plurality of
data in the predetermined range. More specifically, the con-
troller 100 uses the mean value and the standard deviation of
the reference distribution so as to calculate the comparison
value x_,;. This allows the controller 100 to precisely calcu-
late how the data distribution of comparison target deviates
from the reference data distribution. It is to be noted that
although in the examples presented in FIGS. 8(a) and () the
region equal to or less than the comparison value x,, is set as
a predetermined range, a region greater than the comparison
value x_,;, may be set as a predetermined range, or the com-
parison value x,;may be set for a region where time headway
THW is great.

(10) As a reference data distribution, the controller 100
uses a data distribution calculated from the data having the
widest temporal range from among the plurality of data. For
example, when usual data of the driver and data of this
moment are obtained, the controller 100 uses the data distri-
bution obtained from the usual data as a reference. Thus, the
controller 100 uses data with a wider temporal range as a
reference so as to determine the data of comparison target and
precisely carry out drive diagnosis.

(11) Time headway THW of the vehicle and the leading
vehicle at the time at which the vehicle follows the leading
vehicle is calculated as an index to indicate driving charac-
teristics of the driver. Since time headway THW indicates
period of time until the vehicle reaches the present position of
the leading vehicle, accurate drive diagnosis is assured in
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follow-up travel scene by using the time headway THW as an
index indicating characteristics of the driver when the vehicle
follows the leading vehicle.

—Variation of the First Embodiment—

Another calculation method for degree of deviation Dist ;-
will now be explained. Here, action distribution of long
period of time (e.g., “this day”) and that of short period of
time (e.g., “this moment”) are each approximated by normal
distribution so as to calculate the size of area of a region in
which two normal distributions do not overlap as the degree
of deviation Dist

More specifically, as shown in FIGS. 8(c) and (d), the
difference between comparison distribution and reference
distribution in a region where time headway THW is shorter
than an intersection point o of reference distribution and
comparison distribution, i.e., the size of area of the compari-
son distribution running off of the reference distribution, is
calculated as the degree of deviation Dist

Substituting the mean value ., ; and the standard deviation
0,01 the reference distribution and the mean value ., and
the standard deviation o_,,,, of the comparison distribution
into equation (9), probability density function f,, (x) of the
reference distribution and probability density function f,,,,
(x) of the comparison distribution are expressed by the fol-
lowing equations (14) and (15), respectively.

(Equation 14)

1 [ijfisﬁ]
)
Ssa(x) = e 25
TadV 21
1 [, ,‘ijf‘,@ﬂgﬁ] (Equation 15)
Jeomp(X) = ————=e 20 %omp
CeompN 270

Calculating simultaneous equations of those equations
(14) and (15), frequencies of distributions conform at two
points . and § (<p). In order to obtain the area of the range
in which two normal distributions do not overlap in a region
where time headway THW is shorter than the intersection
point ¢, the intersection point o is substituted into the above
equation (11) used to calculate the cumulative distribution
function of the reference distribution and the above equation
(12) used to calculate the cumulative distribution function of
the comparison distribution. Then, the probability F, (o) of
the cumulative distribution of the reference distribution is
subtracted from the probability F,,,(c) of the cumulative
distribution of the comparison distribution at the intersection
point c.

Degree of deviation Dist,,;is calculated using the follow-
ing equation (16).

Dist ;= F complO)=Fs5(0) (Equation 16)
It is to be noted that the area Dist in which the two

normal distributions are overlapping is calculated using the
following equation (17).

Dist,,,,=1-Distyz (Equation 17)

Thus, drive diagnosis may be carried out by comparing
distribution of a plurality of data having different temporal
ranges and calculating the degree of fit of distributions, i.e.,
the area in which the distributions overlap.
<<Second Embodiment>>

A driving assistance system for vehicle according to the
second embodiment of the present invention will now be
explained. The basic structure of the driving assistance sys-
tem for vehicle according to the second embodiment is the
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same as that of the first embodiment presented in FIG. 1.
Therefore, the difference from the above-described first
embodiment will now be explained mainly.

The driving assistance system 1 for vehicle according to
the second embodiment carries out drive diagnosis of the
driver by comparing past travel data and present travel data in
the case where those data fit together in traveling conditions
such as time of the day and place.

The behavior of the driving assistance system 1 for vehicle
according to the second embodiment will now be explained in
detail with reference to FIG. 12. FIG. 12 is a flow chart
illustrating the procedure of driving assistance control pro-
cessing performed by the controller 100 achieved in the sec-
ond embodiment. The processing is performed continuously
at regular intervals, e.g., for every 50 msec.

At first, in step S500, as the traveling conditions of the
vehicle, the controller 100 obtains velocity V of the vehicle
detected by the vehicle speed sensor 30 and vehicle separa-
tion D and relative vehicle velocity Vr between the vehicle
and the leading vehicle detected by the laser radar 10. In step
8502, as the operating states of the driver, the controller 100
obtains brake pedal operation amount detected by the brake
pedal stroke sensor 60 and whether or not the turn signal lever
has been operated detected by the turn signal switch 65. In
step S503, in order to determine traffic scene of the vehicle
described later, the controller 100 calculates time to contact
TTC and time headway THW between the vehicle and the
leading vehicle.

In step S504 the controller 100 determines travel location,
while in step S506 the controller 100 records travel time.
Then, in step S508, based on the labeling results in steps S504
and S506, the controller 100 stores dataused to carry out drive
diagnosis of the driver. The processing until data storage is
basically the same as that in the first embodiment. However,
the controller 100 determines traffic scene after determining
travel history.

In the next step S510, the controller 100 determines
whether or not there is a database of the road along which the
vehicle is traveling at present in the traffic road database
created in step S508. In other words, the controller 100 deter-
mines whether or not the vehicle has already traveled the road
along which the vehicle is traveling at present and therefore
past data that conform with the spatial location and range
corresponding to the present location of the vehicle has been
stored. If there is such a database, the flow of control proceeds
to step S515, while if there is not such a database, the con-
troller 100 terminates the processing.

In step S515, traffic scene of the vehicle is determined.
When the above-described conditions (a) to (f) are all satis-
fied, the controller 100 determines that the traffic scene ofthe
vehicle is a stable follow-up travel scene, and the flow of
control proceeds to step S520 for the controller 100 to carry
out drive diagnosis. On the other hand, in the case where any
of the conditions (a) to (f) is not satisfied, the controller 100
determines that the traffic scene of the vehicle does not cor-
respond to a particular traffic scene, does not carry out drive
diagnosis, and terminates the processing.

In the following step S520, the data stored in step S508 are
used to carry out drive diagnosis of the driver. Drive diagnosis
is carried out based on driving characteristics of the driver in
a traffic scene in which the vehicle is stably following the
leading vehicle in the same travel conditions, i.e., the same
spatial location and range. Driving characteristics when the
vehicle is following the leading vehicle include, for instance,
time headway THW of the vehicle and the leading vehicle,
inverse of time headway THW, vehicle separation, inverse of
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vehicle separation, and so on. In the second embodiment, a
case in which time headway THW is used is explained as an
example.

FIG. 13 illustrates the data structure of the driving assis-
tance system 1 for vehicle achieved in the second embodi-
ment. A layer A represents the amount of data of relatively
short-duration “this moment”, which indicates the current
operating condition of the driver. A layer B represents the
amount of data of “this day”, indicating the driver’s operating
condition of the day, which is longer than “this moment”. A
layer C represents the amount of data of “usual” indicating the
usual operating condition of the driver, which is longer than
“this day”™, i.e., personal characteristics. A layer D represents
the amount of data of driving characteristics of “general pub-
lic”, which is used to compare drive operation of each driver
with that of a general driver and to diagnose the drive opera-
tion of each driver.

A lower layer has a larger amount of data. The amount of
data included in each of the layers corresponds to the number
of'samples used to calculate the mean values of time headway
THW in “this moment”, “this day”, and “usual”. The data
structure shown in FI1G. 13 is achieved by varying the number
of the samples. The values of data included in each of the
layers are continually updated by real-time calculations
explained in the first embodiment.

In the second embodiment, data of the follow-up charac-
teristics of past travels along the same road are stored, and the
controller 100 compares data of the previous travel, or all the
data of past travels, with data of this time so as to determine
drive operation of the driver of “this moment™ and “this day”.
The drive diagnosis processing executed in step S520 will be
explained in detail with reference to the flow chart of FIG. 14.

In step S522, in order to carry out drive diagnosis of “this
moment” of the driver, the controller 100 uses the above-
described equations (5) and (7) so as to calculate a follow-up
characteristic value of the driver of “this moment”, i.e., the
mean value Mean_x(n) and the standard deviation Stdev_x(n)
of'time headway THW in a predetermined period of time that
defines “this moment”. In step S524, in order to carry out
drive diagnosis of “this day” of the driver, the controller 100
uses the above-described equations (5) and (7) so as to cal-
culate a follow-up characteristic value of the driver of “this
day “,i.e., the mean value Mean_x(n) and the standard devia-
tion Stdev_x(n) of time headway THW in a predetermined
period of time that defines” this day”.

In step S526, the controller 100 reads past data which actas
a reference used to compare the present follow-up character-
istics with those of the past. Here, data of the follow-up
characteristic value in the previous travel along the same
road, more specifically, the mean value Mean_x(n) and the
standard deviation Stdev_x(n) of time headway THW, are
read from the database.

In processing after the following steps S528 and S530,
drive diagnosis of the driver is carried out using the follow-up
characteristic values calculated in steps S522 and S524. Here,
the follow-up characteristics of the driver at present are com-
pared with those based on the data obtained in the previous
travel along the same road, so that the controller 100 diag-
noses the drive operation of the driver based on how much
both of the follow-up characteristics deviate. In other words,
in the data structure shown in FIG. 13, for instance, the layer
A of'this time is compared with that of the previous time so as
to carry out the drive diagnosis.

At first, in step S528, the controller 100 calculates the
degree of deviation that indicates how much the follow-up
characteristics of the driver of “this moment” of this time
deviates from those of the previous travel. Here, the degree of
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deviation of “this moment” of this time relative to that of the
previous travel indicates the difference between the distribu-
tion of time headway THW of “this moment” of the previous
travel and that of this time. The distribution of time headway
THW of “this moment” of the previous travel is used as a
reference distribution, and the distribution of time headway
THW of “this moment” of this time is used as a distribution of
comparison target.

More specifically, the controller 100 uses the calculation
method shown in FIGS. 8(a) and () or that shown in FIGS.
8(c) and (d) explained in the first embodiment so as to calcu-
late degree of deviation Dist,,-of “this moment” of this time
relative to “this moment” of the previous travel using the
above-described equation (13) or (16).

In step S530, as is the case with in step S528, the controller
100 calculates degree of deviation Dist ;,-of “this day” of this
time relative to “this day” of the previous travel. It is to be
noted that here the distribution of time headway THW of “this
day” of the previous travel along the same road is used as a
reference distribution, and the distribution of time headway
THW of “this day” of this time is used as a distribution of
comparison target.

Thus, after the controller 100 carries out drive diagnosis of
the driver using data of past travels along the same road and
data of the travel of this time, the flow of control proceeds to
step S540. It is to be noted that for the sake of simplicity,
degree of deviation Dist,,, of “this moment” of this time
relative to “this moment” of the previous travel will be
denoted by Dist_10, and degree of deviation Dist,,of “this
day” of this time relative to “this day” of the previous travel
will be denoted by Dist_20.

In step S540, the controller 100 determines whether or not
to execute alarm presentation processing based on the drive
diagnosis result in step S520. Here, the controller 100 makes
a decision as to whether or not degree of deviation Dist_10 of
“this moment” of this time relative to “this moment” of the
previous travel calculated in step S528 or degree of deviation
Dist_20 of “this day” of this time relative to “this day” of the
previous travel calculated in step S530 is greater than a
threshold value (for example, 0.30) to present an alarm. When
degree of deviation Dist_10 or Dist_20 is greater than the
threshold value, the flow of control proceeds to step S550 so
that the controller 100 presents the alarm to the driver. After
presenting the alarm, the controller 100 terminates the pro-
cessing.

For example, in the case where degree of deviation Dist_20
of “this day” relative to the previous time is greater than the
threshold value, a voice “Today, you have a vehicle separation
shorter than that you usually have. Drive safe” comes out of
the speaker 130 together with a beep sound. The voice infor-
mation contents are set so as to inform the driver that the
driver is presently having a vehicle separation shorter than
that of the previous time, or so as to encourage the driver to
have a vehicle separation longer than the present vehicle
separation. It is to be noted that the voice information contents
may vary according to the cases, i.e., the case where the
degree of deviation Dist_20 of “this day” of this time relative
to that of the previous time is greater than the threshold value,
the case where the degree of deviation Dist_10 of “this
moment” of this time relative to that of the previous time is
greater than the threshold value, and the case where the both
of the degrees of deviation Dist_10 and Dist_20 are greater
than the threshold value.

In addition, as shown in FIG. 15, the tendency of the
current vehicle separation may be presented to the driver as
visual information displayed on the display unit 180. In the
example of display shown in FIG. 15, reference distribution



US 8,924,074 B2

21

(for example, distribution of vehicle separation of the previ-
ous travel, that of general public, or the like) is schematically
displayed so as to inform the driver of the vehicle separation
of'this time of the driver with respect to the reference. FIG. 15
indicates that vehicle separation of the driver is shorter than
the mean value of reference distribution by two grades,
informing the driver of visual information that the driver is
currently having a short vehicle separation.

It a negative decision is made in step S540 and the alarm is
not presented, the flow of control proceeds to step S560 and
the controller 100 determines whether or not to execute
instruction presentation processing based on the drive diag-
nosis result in step S520. Here, the controller 100 makes a
decision as to whether or not degree of deviation Dist_10 of
“this moment” of this time relative to “this moment” of the
previous time calculated in step S528 or degree of deviation
Dist_20 of “this day” of this time relative to “this day” of the
previous time calculated in step S530 is a negative value.

It Dist_10 or Dist_20 is a negative value and drive opera-
tion of the driver of this time has been improved compared to
that of the previous time, the flow of control proceeds to step
S570 and the controller 100 presents an instruction to the
driver. After presenting the instruction, the controller 100
terminates the processing. For instance, as instruction presen-
tation contents, the controller 100 outputs a display and a
voice that praise the drive operation of the driver. For
example, a voice “You are driving carefully. Keep it up!”
comes out.

It is to be noted that although the above examples of dis-
plays and voices include an expression “vehicle separation”,
with which the driver is familiar, displays and voices may
include an expression “time headway”. Furthermore, it may
be configured that the display and voice same as those in the
first embodiment are output.

In the second embodiment, the controller 100 carries out
drive diagnosis of the driver in the case where the vehicle is
traveling along the same road. In other words, the controller
100 determines the travel condition whether or not spatial
ranges conform with respect to drive operation of the driver.
The controller 100 may determine the travel condition
whether or not temporal ranges, e.g. period of time of travel
and the like, conform with respect to drive operation. Further-
more, the controller 100 may determine the travel condition
as to whether or not spatial ranges and temporal ranges of
drive operation conform, e.g. whether or not the vehicle is
traveling along the same road at the same period of time.

Thus, in the second embodiment explained above, in addi-
tion to the advantageous effects according to the first embodi-
ment described above, the following operations and advanta-
geous effects can be achieved.

(1) Among detected traveling conditions and drive opera-
tions, data having limited spatial location and range in which
the vehicle travels are used to carry out drive diagnosis. This
assures accurate drive diagnosis with limited travel location.

(2) More specifically, drive diagnosis is carried out by
obtaining data of traveling condition and drive operation in a
spatial range where the vehicle is currently traveling and by
comparing the obtained data with past data having been
obtained and recorded in the same spatial range. This
achieves accurate determination with limited travel location
as to how drive operation of the driver has changed compared
to that of the past.

—Variation of the Second Embodiment—

A plurality of data calculated/stored when the vehicle trav-
eled along the same road in the past may be used as data of the
past follow-up characteristics used as a reference for com-
parison of the current follow-up characteristics therewith.
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More specifically, data of all the past follow-up characteristic
values of traveling along the same road which have been
stored in the database are read and used.

When the data of the plurality of the follow-up character-
istic value are processed, those data are replaced by their
representative values. For example, if the mean value Mean_x
(n) and the standard deviation Stdev_x(n) of time headway
THW are used as follow-up characteristic values, addition
theorem is used to calculate their representative values. For
instance, in the case where two pairs of data obtained in the
past are used, representative values of N, (i1, o,%) and N, (i,
0,?) are N(l, +1L,, 0,%+0,7) where distribution is denoted by
N, the mean value is denoted by 1, and standard deviation is
denoted by o.
<<Third Embodiment>>

A driving assistance system for vehicle according to the
third embodiment of the present invention will now be
explained. The basic structure of the driving assistance sys-
tem for vehicle according to the third embodiment is the same
as that of the first embodiment presented in FIG. 1. Therefore,
the difference from the above-described first embodiment
will now be explained mainly.

The driving assistance system 1 for vehicle according to
the third embodiment, as is the case with that according to the
first embodiment, follow-up characteristics of the driver as
the vehicle follows the leading vehicle is calculated as a
probability density function. The controller 100 carries out
drive diagnosis by calculating degree of deviation Dist,,,
representing the difference in a plurality of probability den-
sity distribution having been obtained in different time spans.
Here, in the third embodiment, the controller 100 uses data of
the traveling condition of the vehicle as it follows the leading
vehicle and data of the operating state of the driver so as to
recursively calculate the probability density function express-
ing the follow-up characteristics.

The behavior of the driving assistance system 1 for vehicle
according to the third embodiment will now be explained in
detail with reference to FIG. 16. FIG. 16 is a flow chart
illustrating the procedure of driving assistance control pro-
cessing performed by the controller 100 achieved in the third
embodiment. The processing is performed continuously at
regular intervals, e.g., for every 50 msec. Since the processing
executed in steps S600 to S616 are the same as those executed
in steps S400 to S416 of the flow chart shown in FIG. 3,
explanations thereof will be omitted.

In step S620, the data stored in step S616 are used to carry
out drive diagnosis of the driver. Drive diagnosis is carried out
based on driving characteristics of the driver in a traffic scene
in which the vehicle is stably following the leading vehicle.
Driving characteristics when the vehicle is following the
leading vehicle include, for instance, time headway THW of
the vehicle and the leading vehicle, inverse of time headway
THW, vehicle separation, inverse of vehicle separation, and
so0 on. In the third embodiment, a case in which time headway
THW is used is explained as an example.

The data structure of the driving assistance system 1 for
vehicle is the same as that in the first embodiment shown in
FIG. 5. A layer A represents the amount of data of relatively
short-duration “this moment”, which indicates the current
operating condition of the driver. A layer B represents the
amount of data of “this day”, indicating the driver’s operating
condition of the day, which is longer than “this moment”. A
layer C represents the amount of data of “usual” indicating the
usual operating condition of the driver, which is longer than
“this day”, i.e., personal characteristics. A layer D represents
the amount of data of driving characteristics of “general pub-



US 8,924,074 B2

23

lic”, which is used to compare drive operation of each driver
with that of'a general driver and to diagnosis the drive opera-
tion of each driver.

A lower layer has a larger amount of data. The amount of
data included in each of the layers corresponds to the number
of'samples used to calculate the mean values of time headway
THW in “this moment”, “this day”, and “usual”. The data
structure shown in FIG. 5 is achieved by varying the number
of the samples. The values of data included in each of the
layers are continually updated by real-time calculations
explained below.

In drive diagnosis processing, the data of each of the layer
A to the layer D are used to determine drive operation of the
driver in different time spans, i.e., in “this moment”, “this
day”, and “usual”. The drive diagnosis processing executed in
step S620 will be explained in detail with reference to the flow
chart of FIG. 17.

In step S622, the controller 100 calculates a follow-up
characteristic value of the driver of “this moment” so as to
carry out drive diagnosis of “this moment” of the driver. As a
follow-up characteristic value of the driver, the controller 100
calculates a distribution of time headway THW in a predeter-
mined period of time that defines “this moment”. Here, the
predetermined time (time window) that defines “this
moment” is, for example, 60 seconds, and, the distribution of
time headway THW is calculated using data for 60 seconds
from the past to the present detected in the stable follow-up
travel scene determined in step S610.

More specifically, in order to calculate distribution of time
headway THW, the controller 100 recursively calculates the
probability density of time headway THW in a predetermined
period of time that defines “this moment”. To do this, first of
all, as shown in FIG. 18, a plurality of bins are prepared so as
to put data of time headway THW. A total of 21 bins (arrays)
are prepared, each of which is set by 0.2 from THW=0 to
THW=4. In the example presented in FIG. 18, it is set that
data of THW from 0.0 to 0.1 are put into the leftmost bin,
THWO0.0(Bin_1), and data of THW from 0.1 to 0.3 are put
into the second bin from the left, THWO0.2(Bin_2).

Next, predetermined values are put into each of the bins,
Bin_1 to Bin_21, as an initial value.

Predetermined values are set so that the sum of the prede-
termined values put in all the bins equals to 1. For example, as
shown in FIG. 19(a), the predetermined values may be set so
that the same value (¥21) is put into each of the bins Bin_1 to
Bin_21 (=1/the total number of bins). However, in the case of
time headway THW that shows a bell-shaped distribution
having a certain value in the center thereof, as shown in FIG.
19(b), it is preferred to designate the previously calculated
distribution as predetermined values. In other words, prob-
ability densities of the previously calculated distribution are
designated as initial values of each of the bins Bin_1 to
Bin_21. This allows distribution to be calculated more accu-
rately. It is to be noted that the horizontal axes of FIGS. 19(a)
and (b) represent time headway THW (s) and the vertical axes
thereof represent probability density.

The predetermined time (time window) that defines “this
moment” is, for example, 60 seconds as described above. The
number of data in the set time window is denoted by N.

Next, probability density is calculated in real time.

Every time new data of time headway THW are obtained,
the controller 100 determines which of the bins the new time
headway THW corresponds to. There is a difference in cal-
culation method of probability density between the bins into
which new data are put and those into which new data are not
put. Probability density Bin_x(n) of the bins into which new
data are put is calculated using the following equation (18).
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Bin_x(n)={Bin_x(n-1)+1/N}+(1+1/N)

Probability density Bin_x(n) of the bins into which new
data are not put is calculated using the following equation

(19).
Bin_x(n)={Bin_x(n-1)}+(1+1/N)

Thus, probability density of time headway THW of “this
moment” is calculated in real time so as to obtain distribution
of time headway THW that conforms well with the actual
distribution. FIG. 20 presents an example of distribution of
time headway THW. The mode of the distribution presented
in FIG. 20 is at Bin_5. It is to be noted that only ten bins,
Bin_1 to Bin_10, are illustrated for the sake of simplicity.

In step S624, in order to carry out drive diagnosis of “this
day” of the driver, the controller 100 calculates a follow-up
characteristic value of the driver of “this day”, i.e., distribu-
tion of time headway THW in a predetermined period of time
that defines “this day”. Here, the predetermined time (time
window) that defines “this day” is, for example, 360 seconds,
and, as is the case with the above described “this moment”,
the distribution of time headway THW is calculated using
data for 360 seconds from the past to the present detected in
the stable follow-up travel scene determined in step S610.

In step S626, in order to carry out drive diagnosis of
“usual” of the driver, the controller 100 calculates a follow-up
characteristic value of the driver of ““usual”, i.e., distribution
of'time headway THW in a predetermined period of time that
defines “usual”. Here, the predetermined time (time window)
that defines “usual” is, for example, 2160 seconds, and, using
data for 2160 seconds from the past to the present detected in
the stable follow-up travel scene having been determined in
step S610, the controller 100 calculates the distribution of
time headway THW as is the case with the above described
“this moment”.

In processing after the following step S628, the follow-up
characteristics of the driver based on data obtained in differ-
ent time spans calculated in steps S622, S624, and S626 are
each compared so that the controller 100 diagnoses the drive
operation of the driver based on how much both of the follow-
up characteristics deviate. In other words, in the data structure
shown in FIG. 5, an upper layer (e.g., the layer A) is compared
with a lower layer (e.g., thelayer B) so as to carry out the drive
diagnosis.

At first, in step S628, the controller 100 calculates the
degree of deviation that indicates how much the follow-up
characteristics of the driver of “this moment” deviate from
those of “this day”. Here, the degree of deviation of “this
moment” relative to “this day” indicates the difference
between the distribution of time headway THW of “this day”
and that of “this moment”.

The mode of distribution of time headway THW of “this
day”, which is a distribution of reference, and the mode of
distribution of time headway THW of “this moment”, which
is a distribution of comparison target, are each calculated.
Then, the controller 100 calculates the probability of time
headway THW that is distributed in the side where time
headway THW is shorter than each of the modes of time
headway THW, i.e., in the riskier direction. Probability F, ;of
reference distribution and probability F_,,,, of comparison
distribution on the riskier side are calculated using the fol-
lowing equations (20) and (21), respectively.

(Equation 18)

(Equation 19)

Xmode

Faa= ) Bing(®)

x=1

(Equation 20)



US 8,924,074 B2

25

-continued

Xmode
Femp= Y Bitteomp(x)

x=1

(Equation 21)

Degree of deviation Dist,,; of “this moment” relative to
“this day” is calculated using the following equation (22).

Distz4=F. F (Equation 22)

omp™

Itis indicated that as degree of deviation Dist ;, sincreases in
a positive direction, the operation of the driver of “this
moment” is biased in the direction in which time headway
THW is short more than that of “this day” is, i.e., in a more
risky direction. It is indicated that as degree of deviation
Dist,,sincreases in a negative direction, the operation of the
driver of “this moment” is biased in the direction in which
time headway THW is long more than that of “this day” is,
ie., in a less risky direction. Degree of deviation Dist,,,
becomes zero when the driver is always engaged in an opera-
tion with the same follow-up characteristics.

In step S628, the controller 100 also calculates degree of
deviation Dist,,of “this moment” relative to “usual”. In this
case, distribution of time headway THW of “usual” is used as
a distribution of reference indicating long-duration action
distribution, and distribution of time headway THW of “this
moment” is used as a distribution of comparison target indi-
cating short-duration action distribution. Then, the controller
100 uses probability F,,, of “usval” and probability F_,,,,, of
“this moment” on the riskier side so as to calculate the degree
of deviation Dist,;,-of “this moment” relative to “usual” using
the above described equation (22).

Thus, in step S628, the controller 100 calculates the degree
of deviation Dist,, , of “this moment” relative to “this day”,
and then the flow of control proceeds to step S630. In step
S630, as is the case with the processing executed in step S628,
the controller 100 calculates degree of deviation Dist,, of
“this day” relative to “usual”. It is to be noted that here
distribution of time headway THW of “usual” is used as a
distribution of reference and distribution of time headway
THW of “this day” is used as a distribution of comparison
target.

In the following step S632, as is the case with the process-
ing executed in step S628, the controller 100 calculates
degree of deviation Dist,, of “usual” relative to “general
public”. It is to be noted that here distribution of time head-
way THW of “general public” is used as a distribution of
reference and distribution of time headway THW of “usual”
is used as a distribution of comparison target. An appropriate
value is set in advance as a fixed value for the follow-up
characteristic value of “general public”, i.e., probability F,,
on the side riskier than the mode.

Thus, after drive diagnosis of the driver is carried out in
step S620 using data obtained in a plurality of different time
spans, the flow of control proceeds to step S640. It is to be
noted that for the sake of simplicity, degree of deviation
Dist,, ;of “this moment” relative to “usual” will be denoted by
Dist_1a, degree of deviation Dist ;;0f “this moment” relative
to “this day” will be denoted by Dist_15, degree of deviation
Dist,, of “this day” relative to “usual” will be denoted by
Dist_2, and degree of deviation Dist - of “usual” relative to
“general public” will be denoted by Dist_3.

In step S640, the controller 100 determines whether or not
to execute alarm presentation processing based on the drive
diagnosis result in step S620. Here, the controller 100 makes
a decision as to whether or not degree of deviation Dist_1a of
“this moment” relative to “usual”, degree of deviation
Dist_15 of “this moment” relative to “this day” calculated in
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step S628, or degree of deviation Dist_2 of “this day” relative
to “usual” calculated in step S630 is greater than a threshold
value (for example, 0.30) used to determine whether or not to
present an alarm. When degree of deviation Dist_1a, Dist_15,
or Dist_2 is greater than the threshold value, the flow of
control proceeds to step S650 so that the controller 100 pre-
sents the alarm to the driver. The contents of the alarm pre-
sented to the driver are the same as those in the above-de-
scribed first embodiment. After presenting the alarm, the
controller 100 terminates the processing.

If a negative decision is made in step S640 and the alarm is
not presented, the flow of control proceeds to step S660 and
the controller 100 determines whether or not to execute
instruction presentation processing based on the drive diag-
nosis result in step S620. Here, the controller 100 makes a
decision as to whether or not degree of deviation Dist_3 of
“usual” relative to “general public” calculated in step S632 is
smaller than a threshold value (for example, 0.07) to present
an instruction (improvement suggestion). The threshold
value to present an instruction is an appropriately pre-set
value within whose range the degree of deviation of the same
driver substantially always falls.

If Dist_3 is smaller than the threshold value, the flow of
control proceeds to step S670 and the controller 100 presents
an instruction to the driver. The contents of the instruction
presented to the driver are the same as those in the above-
described first embodiment. After presenting the instruction,
the controller 100 terminates the processing.

Thus, in the third embodiment explained above, in addition
to the advantageous effects according to the first and the
second embodiments described above, the following opera-
tions and advantageous effects can be achieved.

(1) Probability density function that represents driving
characteristics is recursively calculated from data of traveling
conditions and drive operations. By this, a decision is made as
to data distribution in real-time, so that a data distribution
closer to the actual distribution is obtained. In addition, the
recursive calculation results in reduction of amount of
memory necessary for data storage, thus assuring efficiency.

(2) By recursively calculating each of a plurality of prob-
ability density functions having different time constants, even
when calculating probability density function based on long-
duration data of the past, a data distribution closer to the
actual distribution can be obtained and amount of memory
necessary for data storage can be reduced.
<<Fourth Embodiment>>

A driving assistance system for vehicle according to the
fourth embodiment of the present invention will now be
explained. FIG. 21 shows a control diagram showing the
structure of a driving assistance system 2 for vehicle accord-
ing to the fourth embodiment.

At first, the structure of the driving assistance system 2 for
vehicle will be explained.

A steering angle sensor 7 is an angle sensor mounted in the
vicinity of, for example, a steering column or a steering wheel
(not shown), which detects steering angle by steering of the
driver from rotation of a steering shaft. The detected steering
angle is output to a controller 200.

A front camera 15 is a small CCD camera, a CMOS cam-
era, or the like mounted on top of the front window, which
detects the traffic situation ahead as an image. The controller
200 performs image processing on an image signal received
from the front camera 15 and detects lane markings and the
like in a region in front of the vehicle. It is to be noted that the
region detected by the front camera 15 is approximately £30
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deg horizontally with respect to the vehicle longitudinal cen-
terline, and the front view of the road included in the region is
loaded as an image.

The vehicle speed sensor 30 measures the number of wheel
revolutions or the number of revolutions of the output side of
the transmission so as to detect the vehicle speed thereof, and
outputs the detected speed thereof to the controller 200.

The navigation system 50, including a GPS receiver, a map
database, a display monitor, and the like, is a system to per-
form a path search, a routing assistance, and the like. Based on
current location of the vehicle obtained via the GPS receiver
and road information stored in the map database, the naviga-
tion system 50 obtains information on the class, the width,
and the like of the road along which the vehicle travels.

The controller 200, which is an electronic control unit
constituted by a CPU and CPU peripheral components such
as a ROM and a RAM, controls the overall driving assistance
system 2 for vehicle. Based on signals received from the
steering angle sensor 7, the front camera 15, the vehicle speed
sensor 30, the navigation system 50, and the like, the control-
ler 200 analyzes driving characteristics of the driver and
carries out drive diagnosis. Then, based on the drive diagnosis
result, the controller 200 provides the driver with informa-
tion. Information provided to the driver includes alarm to the
driver, improvement suggestion of the drive operation, and
the like. Control contents of the controller 200 are described
in detail later.

The speaker 130 is used to provide the driver with infor-
mation in a beep sound or in a voice, in response to a signal
from the controller 200. The display unit 180 is used to
display an alarm or improvement suggestion to operation of
the driver, in response to a signal from the controller 200. For
example, the display monitor of the navigation system 50, a
combination meter, and the like can be used as the display unit
180.

Next, the behavior of the driving assistance system 2 for
vehicle according to the fourth embodiment will be
explained, beginning with the outline thereof.

Based on traveling conditions of the vehicle and drive
operation of the driver, the controller 200 of the driving assis-
tance system 2 for vehicle carries out drive diagnosis of the
driver, and, in response to the drive diagnosis result, alerts the
driver and suggests the driver to improve the drive operation.
More specifically, the controller 200 uses a steering angle
signal so as to detect unstable state of drive operation and
carries out drive diagnosis of the driver. In the fourth embodi-
ment, unstable state of drive operation is detected using steer-
ing entropy method, which is a method to calculate the insta-
bility of drive operation of the driver from smoothness of
steering operation (steering angle).

Then, if the drive diagnosis result indicates that the driver
is engaging in risky driving more than he usually is, i.e., if the
drive operation of the driver is deviated into a riskier state, the
controller 200 alerts the driver so as to inform the driver
thereof before the drive operation of the driver goes into a
high-risk state. On the other hand, if the drive diagnosis result
indicates that the drive operation of the driver is better than
the standard of general public, the controller 200 provides the
driver with information so as to encourage safer driving or
suggest improvement.

Thus, the driving assistance system 2 for vehicle achieved
in the fourth embodiment includes three functions, i.e., a
function to detect the drive operation of the driver by drive
diagnosis, a function to alert the driver in response to the
detected result, and a function to give an improvement sug-
gestion to the driver in response to the detected result.
Accordingly, the driving assistance system 2 for vehicle
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allows and encourages the driver to see his own driving char-
acteristics objectively, and provides the driver with an advice
depending upon the driving characteristics so that the driver
can learn a driving method to reduce the risk.

The steering entropy method will be explained here.

In general, in a state where the driver is not concentrating
attention on the operation, period of time during which the
driver does not steer becomes longer than period of time
during normal operation in which the driver concentrates on
the operation, and large steering angle errors are accumu-
lated. Accordingly, amount of steering adjustment becomes
great when the driver focuses his attention back on the opera-
tion. The steering entropy method focuses on this character-
istic and uses o value as a characteristic value and steering
angle entropy Hp, which has been calculated with reference
to o value. Unstable state of drive operation relative to refer-
ence is detected by comparing steering angle entropy used as
a reference with steering angle entropy calculated based on
the measured steering angle.

It is to be noted that o value is the 90 percentile (range of a
distribution in which 90% of steering errors are included) that
is calculated by obtaining the difference between a steering
error in a given period of time based on time series data of the
steering angle, i.e., an estimated value of steering angle on the
assumption that the steering is operated smoothly, and the
actual steering angle, and by measuring the distribution
(variation) of the steering errors.

A steering entropy value, i.e., Hp value, represents fuzzi-
ness (uncertainty) of steering error distribution. Similarly to o
value, Hp value becomes small when steering is operated
stably and smoothly, while it becomes great when steering is
operated awkwardly and unstably. Hp value is corrected by o
value and can be used as an driver instability unaffected by
skills or habit of the driver.

In the fourth embodiment, a steering entropy calculated
using steering error distribution of general driver group is
used as a reference state. Then, steering angle entropy is
calculated using the measured steering error distribution of
the driver, and drive diagnosis is carried out by detecting
unstable state of the drive operation which the driver basically
has.

It is to be noted that since steering error is affected by road
alignment and load condition of'the driver, it is necessary that
the reference steering error distribution is measured when the
driver is in an unloaded condition. Therefore, in the fourth
embodiment, in order to be less likely to be affected by those
factors, steering error distribution is obtained using steering
angle data having been obtained in traveling along a road
alignment which is virtually a straight road and based on
steering angle data having been measured during long period
of time.

The behavior of the driving assistance system 2 for vehicle
according to the fourth embodiment will now be explained in
detail with reference to FIG. 22. FIG. 22 is a flow chart
illustrating the procedure of driving assistance control pro-
cessing performed by the controller 200 achieved in the
fourth embodiment. The processing is performed continu-
ously at regular intervals, e.g., for every 50 msec.

In step S1011, the controller 200 reads a steering angle
signal 0 detected by the steering angle sensor 7. In step S1013,
the controller 200 reads a road curvature signal p of a road
along which the vehicle travels. Here, the road curvature
signal p of a road along which the vehicle travels can be
obtained using, for instance, road curvature data or road
alignment information included in a road map database of the
navigation system 50. Alternatively, road curvature may be
calculated from lane markings detected by performing image
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processing on a front image of the vehicle having been cap-
tured by the front camera 15. In step S1015, the controller 200
reads a vehicle velocity signal V of the vehicle detected by the
vehicle speed sensor 30.

In the following steps S1017 and S1019, a decision is made
as to whether or not to calculate steering angle entropy. More
specifically, in step S1017, a decision is made as to whether or
not the road curvature signal p read in step S1013 is smaller
than a road curvature predetermined value po for making a
decision that the vehicle is traveling along a straight road.
When the road curvature signal p is equal to or less than the
predetermined value po, the controller 200 determines that
the vehicle is traveling along a straight road, and the flow of
control proceeds to step S1019. When p>po, the controller
200 terminates the processing.

In step S1019, a decision is made as to whether or not the
vehicle velocity signal V having been read in step S1015 is
greater than a predetermined value Vo. The predetermined
value Vo is a threshold value used to determine whether or not
the vehicle is traveling along a road other than urban roads or
the like which have many obstacles at a stable vehicle veloc-
ity, and for example Vo=60 km/h. When the vehicle velocity
signal V is greater than the predetermined value Vo, the flow
of control proceeds to step S1021. When the vehicle velocity
signal V is equal to or less than the predetermined Vo, the
controller 200 terminates the processing.

In step S1021, a decision is made as to whether or not the
number of samples n of steering angle signal 6 measured
under the conditions that the road curvature signal p is equal
to or less than the predetermined value po and the velocity V
of the vehicle is greater than the predetermined value Vo is
greater than a predetermined value N1. Here, the predeter-
mined value N1 is a threshold value used to determine
whether or not sufficient amount of long-duration data have
been obtained so as to be less likely to be affected by load
condition of the driver, and, for example, N1=100,000. It is to
be noted that 100,000 data are predicted to be obtained by
traveling during approximately three weeks. When the num-
ber of samples n is greater than the predetermined value N1,
the flow of control proceeds to step S1023, and when the
number of samples nis equal to or less than the predetermined
value N1, the controller 200 terminates the processing.

In step S1023, a steering angle entropy Hpl is calculated
using the steering angle signal 6 measured during a long
period of time (hereinafter referred to as long-duration steer-
ing angle entropy). The long-duration steering angle entropy
Hp1 is a value that represents unstable state of drive operation
that the driver basically has, and is an usual instability of the
driver.

FIG. 23 shows special symbols used to calculate steering
angle entropy and the names thereof. A steering angle
smoothing value On-tilde is a steering angle that is less
affected by quantization noise. An estimated value 6n-hat of
steering angle is a value obtained by estimating the steering
angle at the time of sampling on the assumption that the
steering has been operated smoothly. As the following equa-
tion (23) expresses, the estimated value On-hat of steering
angle is obtained by performing a second-order Taylor expan-
sion with respect to the steering angle smoothing value 6n-
tilde.

On1 —0p2
— |+
Iy —Ip2

L (Equation 23)
O = 0py + (1 — [nfl)[
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-continued
(ty —ln = 1)[ 616, 0,20,3

2 [ A

In equation (23), to denotes sampling time of a steering
angle On.

In order to reduce the effects of quantization noise, the
steering angle smoothing value On-tilde is calculated using
the following equation (24) as the mean value of three adja-
cent steering angles 0n.

_ 1<
Ot = 5; Opirtsi

(Equation 24)

In equation (24), 1 denotes the number of samples of steer-
ing angle On included in 150 msec providing that the steering
angle smoothing value On-tilde is calculated at time intervals
of 150 msec, which is the minimum time interval at which a
human can intermittently, manually operates.

When sampling interval of the steering angle 0n is denoted
by Ts, the number of samples 1 is expressed by the following
equation (25).

1=round(0.15/7s) (Equation 25)

In equation (24), the smoothing value On-tilde is calculated
by (k*1) assuming values k=1, 2, 3, based on a total of three
steering angles On, i.e., a steering angle at 150 msec intervals
and those adjacent thereto. Accordingly, based on such
smoothing value On-tilde, the calculated estimated value On-
hat is calculated using the steering angles 6 obtained at 150
msec intervals substantially.

A steering error en at the time of sampling is calculated
using the following equation (26) as the difference between
the estimated value On-hat of steering angle on the assump-
tion that steering has been operated smoothly and the actual
steering angle On.

e,=0,-6, (Equation 26)

It is to be noted that the steering error en is calculated only
on the steering angles 6n for each 150 msec, namely the
minimum time interval at which a human can operates inter-
mittently.

With reference to those terms, calculation processing of the
long-duration steering angle entropy Hpl will be explained
using the flow chart of FIG. 24.

Instep S1031, the controller 200 collects time series data of
n steering angle signals On measured at the sampling interval
Tsunder the conditions of the above-described road curvature
and vehicle velocity. The sampling interval Ts is, for instance,
50 msec.

In step S1032, using the above equation (24), three steering
angle smoothing values On-tilde are calculated using three
adjacent steering angles On at 150 msec intervals. The three
steering angle smoothing values 6n-tilde are expressed by the
following equation (27).

. 1 (Equation 27)
On-1 = 5(9;174 + 03+ 02)

. 1
On2 = 5(9;177 +0h-6 + On-s)

. 1
O3 = 5(9;1710 +0p-9 +0,-5)
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In step S1033, using the above equation (23), the estimated
value On-hat of steering angle is calculated using the three
steering angle smoothing values On-tilde calculated in step
1032. The estimated value On-hat is expressed by the follow-
ing equation (28).

(Equation 28)

In step S1034, using the above equation (26), the steering
error en is calculated using the estimated value On-hat of
steering angle calculated in step S1033 and the actual steering
angle signal On.

In step S1035, as shown in FIG. 25, the steering errors en
calculated in step S1034 are divided into nine categories, b1l
to b9, with respect to a value (=c0) in reference state, and a
probability Pi of the frequency of the steering error en
included in each of the categories bi relative to all the fre-
quencies is calculated. Here, o value (=at0) in reference state
is pre-set based on steering angle signal of the general driver
group (drivers of general public) and is stored in a memory of
the controller 200. Then, the category bi is set when the
controller 200 executes the program shown in FI1G. 22.

In the following step S1036, using the following equation
(29), the long-duration steering angle entropy Hp1 is calcu-
lated using the probability Pi calculated in step S1035.

9 (Equation 29)
Hp=" (~Pilog,P))

i=1

It is to be noted that the ‘p’ of the long-duration steering
angle entropy Hpl indicates that the steering angle entropy
follows a probability distribution P={Pi}.

The long-duration steering angle entropy Hp1 value, which
represents degrees of steepness of distribution of the steering
error en, is calculated by base-9 logarithm so that the Hp1l
value is 1 when the steering error en is included equally in
each of the categories bi. It is to be noted that since the
categories are set so that 90% of all the frequencies fall on the
central three categories, b4 to b6, of distribution of the steer-
ing error en, the Hp1 value will not be 1 in a reference state.

As the long-duration steering angle entropy Hp1 is small,
degrees of steepness of distribution of the steering error en is
large and the distribution of the steering error en is kept in a
certain range. Namely, it indicates that the steering is operated
smoothly and the operation is in a stable state. On the other
hand, as the long-duration steering angle entropy Hp1 value is
large, degrees of steepness of distribution of the steering error
en is small, and distribution of the steering error en varies. In
other words, it indicates that the steering is operated awk-
wardly and the operation is in an unstable state.

Thus, after the long-duration steering angle entropy Hp1 is
calculated in step S1023, the flow of control proceeds to step
S1025. In step S1025, the controller 200 presents an alarm or
an instruction (improvement suggestion) to the driver
depending on the long-duration steering angle entropy Hp1.
As the long-duration steering angle entropy Hpl is greater,
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the instability of drive operation is greater compared to the
average steering angle entropy of the general driver group
(general public).

Therefore, as, for instance, shown in FIG. 26, the magni-
tudes of the long-duration steering angle entropy Hpl are
divided into five levels (SSS, SS, SM, SL, and SLL), and the
controller 200 informs the driver of the level of the magnitude
of'the calculated long-duration steering angle entropy Hp1. It
is to be noted that the five levels are set appropriately so that
the average steering angle entropy of the general driver group
(general public) falls on the center level SM in the category
shown in FIG. 26.

FIG. 27 presents an example of contents to be informed
according to the category result of the long-duration steering
angle entropy Hp1. In the case where the long-duration steer-
ing angle entropy Hpl is categorized into the level SLL, the
controller 200 displays a text conveying a message “The
instability of operation is great” on the display monitor of the
display unit 180. In the case where the long-duration steering
angle entropy Hpl1 is categorized into the level SL, the con-
troller 200 displays a text conveying a message “The insta-
bility of operation is slightly great”. In the case where the
long-duration steering angle entropy Hpl is categorized into
the level SM, which is equal to the average steering angle
entropy of the general driver group, the controller 200 dis-
plays atext conveying a message “The instability of operation
is average”. In the case where the long-duration steering angle
entropy Hpl is categorized into the level SS, the controller
200 displays a text conveying a message “The instability of
operation is slightly small”. In the case where the long-dura-
tion steering angle entropy Hpl is categorized into the level
SSS, the controller 200 displays a text conveying a message
“The instability of operation is small”. It is to be noted that the
contents to be informed shown in FIG. 27 may be provided to
the driver through voices that come out of the speaker 130.

Thus, in the fourth embodiment explained above, in addi-
tion to the advantageous effects according to the first to the
third embodiments described above, the following operations
and advantageous effects can be achieved.

The steering angle 6 is detected as drive operation, and the
steering angle entropy Hp that represents the instability of
steering operation by the driver is calculated using steering
angle as an index representing driving characteristics. This
allows drive diagnosis to be carried out accurately with
respect to horizontal drive operation of the vehicle.
—Variation 1 of the Fourth Embodiment—

Here, long-duration steering angle entropy Hp1 calculated
using steering angle error distribution of the driver measured
during a long period of time is designated as a reference state.
Then, drive diagnosis is carried out by calculating steering
angle entropy using steering error distribution of the driver
measured during an intermediate period of time, and by
detecting deviation from unstable state of drive operation that
the driver basically has.

The behavior of the driving assistance system 2 for vehicle
according to a variation 1 of the fourth embodiment will now
be explained in detail with reference to FIGS. 28 and 29.
FIGS. 28 and 29 are flow charts illustrating the procedure of
driving assistance control processing performed by the con-
troller 200 achieved in the variation 1 of the fourth embodi-
ment. The processing is performed continuously at regular
intervals, e.g., for every 50 msec. Since the processing
executed in steps S1041 to S1053 are the same as those
executed in steps S1011 to S1023 in the flow chart shown in
FIG. 22, explanations thereof will be omitted. However, in the
case where a decision is made that the number of samples n is
equal to or less than the predetermined value N1 in step
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S1051, the controller 200 does not terminate the processing
so that the flow of control proceeds to step S1057 in FIG. 29.

After the controller 200 calculates the long-duration steer-
ing angle entropy Hp1, which represents the reference state,
in step S1053, the controller 200 calculates a value used to
calculate intermediate-duration steering angle entropy in step
S1055. Here, a personal a value of the driver (hereinafter
referred to as a1 value) is calculated using the steering angle
signal 0 measured during a long period of time. This process-
ing will be explained with reference to the flow chart of FIG.
30.

Instep S1081, the controller 200 collects time series data of
n steering angle signals On measured at the sampling interval
Tsunder the conditions of the above-described road curvature
and vehicle velocity. The sampling interval Ts is, for instance,
50 msec. In step S1082, using the above equation (24), three
steering angle smoothing values On-tilde are calculated using
three adjacent steering angles On at 150 msec intervals.

In step S1083, using the above equation (23), the estimated
value On-hat of steering angle is calculated using the three
steering angle smoothing values On-tilde calculated in step
1082. In step S1084, using the above equation (26), the steer-
ing error en is calculated using the estimated value 6n-hat of
steering angle and the actual steering angle signal 6n calcu-
lated in step 1083.

In the following step S1085, frequency of the steering
errors en is counted per predetermined steering error. The
predetermined steering error is determined in view of resolu-
tion of the steering angle sensor 7. Here, as shown, for
example, in FI1G. 31, the steering errors en are categorized per
0.001 rad. FIG. 32 presents an example of frequency distri-
bution of the steering errors en. In step S1086, 0 is assigned to
i, which represents the category of steering errors.

In step S1087, a decision is made as to whether or not the
probability P of frequency T0.000 when the steering error
en=0.000 rad is equal to or greater than 90% relative to all the
frequencies of all the steering errors. In the case where the
probability P of frequency T0.000 is equal to or greater than
90%, the flow of control proceeds to step S1090. In this case,
since i=0, therefore 0.1=0.000 rad. If a negative decision is
made in step S1087, the flow of control proceeds to step
S1088. In step S1088, 1 is incremented by 1 so as to setit (i+1).

In step S1089, a decision is made as to whether or not the
probability P of frequency (T0.000+T0.001+T-0.001) of
steering errors en from -0.001 rad to +0.001 rad, which is an
expanded category for steering error, relative to all the fre-
quencies of all the steering errors is equal to or greater than
90%. In the case where the probability P is equal to or greater
than 90%, the flow of control proceeds to step S1090. In this
case, since i=1, therefore «1=0.001. If a negative decision is
made in step S1089, the flow of control returns to step S1088,
iis incremented again and the decision-making in step S1089
is repeated.

Thus, after the a1 value is calculated in step S1055, the
flow of control proceeds to step S1057 of FIG. 29. In step
S1057, a decision is made as to whether or not the number of
samples n of steering angle signals 6 measured under the
condition that the road curvature signal p is equal to or less
than the predetermined value po and the velocity V of the
vehicle is greater than the predetermined value Vo is greater
than a predetermined value N2. Here, the predetermined
value N2 is a threshold value used to determine whether or not
sufficient intermediate-duration (e.g., traveling during
approximately one day) data used to make a decision as to
deviation from the usual drive operation of the driver have
been obtained, and, for example, N2=7200. In the case where
the number of samples n is greater than the predetermined
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value N2, the flow of control proceeds to step S1059, while in
the case where the number of samples n is equal to or less than
the predetermined value N2, the controller 200 terminates the
processing.

In step S1059, an intermediate-duration steering angle
entropy Hp2 is calculated using steering angle signal 6 mea-
sured during an intermediate period of time. The intermedi-
ate-duration steering angle entropy Hp2 is a value calculated
using steering angle signal 6 measured during an intermediate
period of time with the steering angle signal 6 measured
during a long period of time being used as a reference state.
The intermediate-duration steering angle entropy Hp2 is a
value that represents deviation (gap) from the unstable state
of drive operation that the driver basically has. The interme-
diate-duration steering angle entropy Hp2 is calculated in the
same method as the long-duration steering angle entropy
Hp1, which is explained with reference to the flow chart of
FIG. 24, is. However, the personal ol value of the driver
calculated in step S1055 is used as o value.

In step S1061, the controller 200 calculates the difference
AHp2 (=Hp2-Hp1) between the long-duration steering angle
entropy Hp1 calculated in step S1053 and the intermediate-
duration steering angle entropy Hp2 calculated in step S1059.
Then, the calculated difference AHp2 is used to make a deci-
sion as to drive operation unstable state. It can be regarded
that as the intermediate-duration steering angle entropy Hp2
is greater relative to the long-duration steering angle entropy
Hpl, the instability of drive operation has become greater
compared to the instability of operation that the driver basi-
cally has. Accordingly, for example, in the case where the
difference AHp2 in steering angle entropy is greater than a
predetermined value TH2, the controller 200 makes a deci-
sion that the drive operation is in an unstable state, and the
flow of control proceeds to step S1063.

In step S1063, it is informed that the drive operation of the
driver is in an unstable state. Here, as, for example, shown in
FIG. 33, the difference AHp2 in steering angle entropy is
divided into two levels (D2P and D2PP) according to the
magnitude of the difference AHp2 in steering angle entropy in
the region equal to or greater than the predetermined value
TH2. Then, the controller 200 informs the driver of the level
that corresponds to the difference AHp2 in steering angle
entropy calculated in step S1061.

FIG. 34 presents an example of contents to be informed
according to the category result of the difference AHp2 in
steering angle entropy. In the case where the difference AHp2
is categorized into the level D2PP, which is greater than a
predetermined value TH2L (>TH2), the controller 200 dis-
plays atext conveying a message “The instability of operation
is greater than it usually is” on the display monitor of the
display unit 180. In the case where the difference AHp2 is
categorized into the level D2P, which is greater than the
predetermined value TH2, the controller 200 displays a text
conveying a message “The instability of operation is slightly
greater than it usually is”. It is to be noted that the contents to
be informed shown in FIG. 34 may be provided to the driver
through a voice that comes out of the speaker 130.

If a negative decision is made in step S1061, the controller
200 skips notification processing of unstable state in step
S1063. Thus, after detecting deviation from unstable state of
usual drive operation and informing the driver thereof, in
processing of step S1065 and the following steps the control-
ler 200 provides the driver information based on comparison
result of the past and the present intermediate-duration steer-
ing angle entropies. More specifically, the controller 200
compares the intermediate-duration steering angle entropy
calculated in the past (hereinafter referred to as Hp2p) with
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the latest intermediate-duration steering angle entropy Hp2
so as to detect change in the instability of drive operation
during an intermediate period of time and inform the driver
thereof.

At first, in step S1065, the controller 200 calculates the
difference AHp2p between the past intermediate-duration
steering angle entropy Hp2p that has been calculated in the
past with respect to the same driver and has been stored and
the latest intermediate-duration steering angle entropy Hp2
calculated in step S1059. Then, the calculated difference
AHp2p is used to make a decision as to change in instability
of drive operation. It can be regarded that as the latest inter-
mediate-duration steering angle entropy Hp2 is smaller rela-
tive to the past intermediate-duration steering angle entropy
Hp2p, i.e., as the difference AHp2p is negative in sign and
greater in value, the instability of drive operation has changed
in the decremental direction compared to that of the past.
Therefore, for instance, in the case where the difference
AHp2p in steering angle entropy is smaller than a predeter-
mined value TH2p, the controller 200 makes a decision that
the instability of drive operation has become reduced, and the
flow of control proceeds to step S1067.

In step S1067, the controller 200 informs that the instabil-
ity of drive operation of the driver has become smaller and the
steering operation has become smoother (operation improve-
ment suggestion). Here, as, for example, shown in FIG. 35,
the difference AHp2p in steering angle entropy is divided into
two levels (D2PM and D2PMM) according to the magnitude
of the difference AHp2p in steering angle entropy in the
region smaller than the predetermined value TH2P. Then, the
controller 200 informs the driver of the level that corresponds
to the difference AHp2p in steering angle entropy calculated
in step S1065.

FIG. 36 presents an example of contents to be informed
according to the category result of the difference AHp2p in
steering angle entropy. In the case where the difference
AHp2p is categorized into the level D2PM, which is smaller
than the predetermined value TH2P, the controller 200 dis-
plays a text conveying a message “The instability of operation
is slightly smaller than it was before” on the display monitor
of the display unit 180. In the case where the difference
AHp2p is categorized into the level D2PMM, which is smaller
than a predetermined value TH2PL (<TH2P), the controller
200 displays a text conveying a message “The instability of
operation is smaller than it was before”. It is to be noted that
the contents to be informed shown in FIG. 36 may be pro-
vided to the driver through a voice that comes out of the
speaker 130.

If a negative decision is made in step S1065, the controller
200 skips operation improvement suggestion processing in
step S1067, and the flow of control proceeds to step S1069. In
step S1069, the intermediate-duration steering angle entropy
Hp2 calculated in step S1059 is set as the past intermediate-
duration steering angle entropy Hp2p in preparation for the
next processing.

In processing after step S1071, the controller 200 uses the
personal a1 value of the driver calculated based on the long-
duration steering angle signal 6 of the driver so as to perform
operation improvement suggestion to the driver. As described
above, the al value is the 90 percentile calculated in distri-
bution of steering error calculated based on the long-duration
steering angle signal data of the driver. Therefore, the al
value is a factor that represents distribution of long-duration
steering error of the driver.

In step S1071, the al value calculated in step S1055 is
compared with a predetermined value THal. In the case
where the long-duration a1 value of the driver is smaller than
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the predetermined value THal, the instability of drive opera-
tion of the driver is small. Then, if the a1 value is smaller than
the predetermined value THal, the flow of control proceeds
to step S1073.

In step S1073, the controller 200 informs that the instabil-
ity of drive operation of the driver is small and the steering is
operated smoothly (operation improvement suggestion).
Here, as, for example, shown in FIG. 37, the al value is
divided into two levels (a1S and a1SS) according to the ol
value in the region smaller than the predetermined value
THal. Then, the controller 200 informs the driver of the level
that corresponds to the a1 value calculated in step S1055.

FIG. 38 presents an example of contents to be informed
according to the category result of the a1l value. In the case
where the a1 value is categorized into the level a1S, which is
smaller than the predetermined value THal, the controller
200 displays a text conveying a message “The instability of
operation is slightly small” on the display monitor of the
display unit 180. In the case where the a1 value is categorized
into the level a1SS, which is smaller than a predetermined
value THalS (<THal), the controller 200 displays a text
conveying a message ‘““‘The instability of operation is small”.
It is to be noted that the contents to be informed shown in FIG.
38 may be provided to the driver through a voice that comes
out of the speaker 130.

Thus, the controller 200 terminates the processing. It is to
be noted that if a negative decision is made in step S1071, the
controller 200 skips operation improvement suggestion pro-
cessing in step S1073 and terminates the processing.
—Variation 2 of the Fourth Embodiment—

Here, long-duration steering angle entropy Hp1 calculated
using steering angle error distribution of the driver measured
during a long period of time is designated as a reference state.
Then, drive diagnosis is carried out by calculating steering
angle entropy using steering error distribution of the driver
measured during a short period of time, and by detecting
short-duration deviation from unstable state of drive opera-
tion that the driver basically has.

The behavior of the driving assistance system 2 for vehicle
according to a variation 2 of the fourth embodiment will now
be explained in detail with reference to FIG. 39. FIG. 39 is a
flow chart illustrating the procedure of driving assistance
control processing performed by the controller 200 achieved
in the variation 2 of the fourth embodiment. The processing is
performed continuously at regular intervals, e.g., for every 50
msec. Since the processing executed in steps S1111 to S1125
are the same as those executed in steps S1041 to S1055 in the
flow chart shown in FIG. 28, explanations thereof will be
omitted.

After the ol value is calculated in step S1125, the flow of
control proceeds to step S1127. In step S1127, a decision is
made as to whether or not the number of samples n of steering
angle signals 6 measured under the condition that the road
curvature signal p is equal to or less than the predetermined
value po, and the velocity V of the vehicle is greater than the
predetermined value Vo is greater than a predetermined value
N3. Here, the predetermined value N3 is a threshold value
used to determine whether or not short-duration (e.g., travel-
ing during approximately five minutes) data used to make a
decision as to short-duration deviation from the usual drive
operation of the driver have been obtained, and, for example,
N3=1200. In the case where the number of samples n is
greater than the predetermined value N3, the flow of control
proceeds to step S1129, while in the case where the number of
samples n is equal to or less than the predetermined value N3,
the controller 200 terminates the processing.
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In step S1129, a short-duration steering angle entropy Hp3
is calculated using steering angle signal 8 measured during a
short period of time. The short-duration steering angle
entropy Hp3 is a value calculated using steering angle signal
0 measured during a short period of time with the steering
angle signal 6 measured during a long period of time being
used as a reference state. The short-duration steering angle
entropy Hp3 is a value that represents short-duration devia-
tion (gap) from the unstable state of drive operation that the
driver basically has. The short-duration steering angle
entropy Hp3 is calculated in the same method as the long-
duration steering angle entropy Hp1, which is explained with
reference to the flow chart of FIG. 24, is. However, the per-
sonal a1 value of the driver calculated in step S1125 is used
as o value.

In step S1131, the controller 200 calculates the difference
AHp3 (=Hp3-Hp1) between the long-duration steering angle
entropy Hp1 calculated in step S1123 and the short-duration
steering angle entropy Hp3 calculated in step S1129. Then,
the calculated difference AHp3 is used to make a decision as
to drive operation unstable state. It can be regarded that as the
short-duration steering angle entropy Hp3 is greater relative
to the long-duration steering angle entropy Hp1, the instabil-
ity of drive operation at present has become greater compared
to the instability of operation that the driver basically has.
Accordingly, for example, in the case where the difference
AHp3 in steering angle entropy is greater than a predeter-
mined value TH3, the controller 200 makes a decision that the
drive operation is in an unstable state, the flow of control
proceeds to step S1133.

In step S1133, it is informed that the present drive opera-
tion of the driver is in an unstable state. Here, as, for example,
shown in FIG. 40, the difference AHp3 in steering angle
entropy is divided into two levels (D3P and D3PP) according
to the magnitude of the difference AHp3 in steering angle
entropy in the region equal to or greater than the predeter-
mined value TH3. Then, the controller 200 informs the driver
of' the level that corresponds to the difference AHp3 in steer-
ing angle entropy calculated in step S1131.

FIG. 41 presents an example of contents to be informed
according to the category result of the difference AHp3 in
steering angle entropy. In the case where the difference AHp3
is categorized into the level D3PP, which is greater than a
predetermined value TH3L (>TH3), the controller 200 dis-
plays a text conveying a message “The instability of operation
is great” on the display monitor of the display unit 180. In the
case where the difference AHp3 is categorized into the level
D3P, which is greater than the predetermined value TH3, the
controller 200 displays a text conveying a message “The
instability of operation is slightly great™. It is to be noted that
the contents to be informed shown in FIG. 41 may be pro-
vided to the driver through a voice that comes out of the
speaker 130.

Thus, the controller 200 terminates the processing. It is to
be noted that if a negative decision is made in step S1131, the
controller 200 skips notification processing of unstable state
in step S1133 and terminates the processing.
<<Fifth Embodiment>>

A driving assistance system for vehicle according to the
fifth embodiment of the present invention will now be
explained. The basic structure of the driving assistance sys-
tem for vehicle according to the fifth embodiment is the same
as that of the fourth embodiment presented in FIG. 21. There-
fore, the difference from the fourth embodiment and the
variations 1 and 2 thereof will now be explained mainly.

In the driving assistance system 2 for vehicle according to
the fifth embodiment, as in the above-described fourth

20

25

30

35

40

45

50

55

60

65

38

embodiment, steering angle entropy is calculated using steer-
ing angle signal so as to detect unstable state of drive opera-
tion and carry out drive diagnosis of the driver. Then, if the
drive diagnosis result indicates that the driver is engaging in
risky driving more than he usually is, i.e., if the drive opera-
tion of the driver is deviated into a riskier state, the controller
200 alerts the driver so as to inform the driver thereof before
the drive operation of the driver goes into a high-risk state. On
the other hand, if the drive diagnosis result indicates that the
drive operation of the driver is better than the standard of
general public, the controller 200 provides the driver with
information so as to encourage safer driving or suggest opera-
tion improvement.

Here, in order to calculate steering angle entropy, it is
required to make a decision as to which of the categories of
the reference distribution divided into nine estimation error of
steering angle belongs to and to calculate the probability of
each of the categories. In addition, in order to calculate
value (the above-described al), it is required to calculate
frequency distribution of steering error. Since those process-
ing are performed on all the data of the number of samples, it
is necessary to prepare as many buffer memories as the num-
ber of data in advance.

Therefore, in the fifth embodiment, the probability of each
of the categories is recursively calculated so that even if it is
necessary to temporarily store the latest long-duration steer-
ing angle data the probability of each of the categories is
calculated using a small amount of memory.

The procedure of calculation processing of the long-dura-
tion steering angle entropy Hpl in the driving assistance
system 2 for vehicle achieved in the fifth embodiment will
now be explained with reference to the flow chart of FIG. 42.
This processing is executed in step S1023 of the flow chart of
FIG. 22 explained in the fourth embodiment. Since the pro-
cessing executed in steps S1231 to S1234 are the same as
those executed in step S1031 to S1034 of FIG. 24, explana-
tions thereof will be omitted.

In step S1235, as shown in FIG. 25, the steering errors en
calculated in step S1234 are divided into nine categories, bl
to b9, with respect to a value (=c.0) in reference state, and a
probability Pi of the frequency of the steering error en
included in each of the categories bi relative to all the fre-
quencies is recursively calculated. Here, o value (=c0) in
reference state is pre-set based on steering angle signal of the
general driver group (drivers of general public) and is stored
in the memory of the controller 200. A decision-making as to
the category into which the steering error en is allocated and
a method to recursively calculate the probability Pi of each of
the categories will be explained with reference to the flow
chart of FIG. 43.

At first, in step S1241, 1 is assigned to i, which represents
the category of steering errors. In step S1242, the controller
200 makes a decision as to whether or not i is greater than 9.
If i>9, the controller 200 determines that calculations of the
probability Pi of each of the nine categories have completed,
and terminates the processing. If i<9, the flow of control
proceeds to step S1243 so that the probability Pi of each of the
categories is calculated.

In step S1243, the controller 200 makes a decision as to
whether or not the steering error en calculated in step S1234
falls on the target category bi. If the steering error falls on the
category bi, the flow of control proceeds to step S1244. In step
S1244, probability Pi(n) of the steering error en included in
the category bi is calculated using the following equation
(30), where the number of data is denoted by N.

Pi(n)={Pi(n-1)+1/N}+(1+1/N) (Equation 30)



US 8,924,074 B2

39

On the other hand, if the steering error does not fall on the
category bi, the flow of control proceeds to step S1245, and
the probability Pi(n) of the steering error en included in the
category bi is calculated using the following equation (31).

Pi(n)={Pi(n-1)}+(1+1/N)

In step S1246, (i+1) is set as i. Then, the flow of control
returns to step S1242, and the processing of steps S1243 to
S1246 are repeated until the probabilities Pi of all the nine
categories are calculated.

Thus, after the probability Pi of steering error en included
in each of the categories bi is recursively calculated in step
S1235, the flow of control proceeds to step S1236. In step
S1236, using the above-described equation (29), the long-
duration steering angle entropy Hp1 is calculated using the
probability Pi calculated in step S1235. This terminates the
calculation processing of the long-duration steering angle
entropy Hpl.

Next, in order to calculate the al value explained in the
variation 1 of the fourth embodiment, a method to recursively
perform frequency calculation will be explained. The proce-
dure of calculation processing for the al value in the driving
assistance system 2 for vehicle achieved in the fifth embodi-
ment will now be explained with reference to the flow chart of
FIG. 44. This processing is executed in step S1055 of the flow
chart of FIG. 28 explained in the variation 1 of the fourth
embodiment. Since the processing executed in steps S1251 to
S1254 are the same as those executed in step S1081 to S1084
of FIG. 30, explanations thereof will be omitted.

In step S1255, the frequency of steering error en per pre-
determined steering error is recursively calculated. The pro-
cessing here will be explained with reference to the flow chart
of FIG. 45.

In step S1271, 1 is assigned to T, which represents the
category of frequency distribution of steering error. In step
S1272, a decision is made as to whether or not T is greater
than the number Tn of all the categories. The number Tn of all
the categories is, for instance, 40, and each of the categories is
set by 0.001. If T>Tn and frequency calculation is completed
in all the categories, the processing terminates. If T<Tn, the
flow of control proceeds to step S1273 so that a frequency
Ti(n) of each of the categories is calculated.

In step S1273, a decision is made as to whether or not the
steering error en calculated in step S1254 falls on the targeted
category Ti. If the steering error falls on the category Ti, the
flow of control proceeds to step S1274. In step S1274, the
frequency Ti(n) of steering error en included in the category
Ti is calculated using the following equation (32), where the
number of data is denoted by N.

(Equation 31)

Ti(n)={Ti(n-1)+1/N}+(1+1/N) (Equation 32)

On the other hand, if the steering error does not fall on the
category Ti, the flow of control proceeds to step S1275, and
the frequency Ti(n) of the steering error en included in the
category Ti is calculated using the following equation (33).

Ti(m)={Ti(n-1)}+(1+1/N)

In step S1276, (i+1) is set as i. Then, the flow of control
returns to step S1272, and the processing of steps S1273 to
S1276 are repeated until the frequencies Ti of all the catego-
ries Tn are calculated.

Thus, after the frequency distribution is recursively calcu-
lated in step S1255, the flow of control proceeds to step
S1256. In processing after step S1256, similar to the above-
described variation 1 of the fourth embodiment, a1 value is
calculated using the frequency distribution calculated in step
S1255.

(Equation 33)
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As explained above, amount of memory necessary for data
storage can be reduced by recursively calculating the steering
angle entropy Hp, and, since the number of calculation steps
is reduced, calculation processing can be simplified. In addi-
tion, the steering angle entropy Hp is allowed to be calculated
in real time.
<<Sixth Embodiment>>

A driving assistance system for vehicle according to the
sixth embodiment of the present invention will now be
explained. FIG. 46 shows a control diagram showing the
structure of the driving assistance system 3 for vehicle
according to the sixth embodiment. In the sixth embodiment,
the same reference numerals are assigned to units having
functions identical to those in the above-described fourth
embodiment, and explanations thereof will be omitted.
Therefore, the difference from the fourth embodiment will
now be explained mainly.

The driving assistance system 3 for vehicle includes the
laser radar 10, the front camera 15, the vehicle speed sensor
30, an acceleration sensor 35, the navigation system 50, an
accelerator pedal position sensor 55, a controller 250, the
speaker 130, and the display unit 180.

The laser radar 10, mounted to a front grille, bumper, or the
like of the vehicle, propagates infrared light pulses horizon-
tally so as to scan the region ahead of the vehicle. The laser
radar 10 measures the reflected radiation of the infrared light
pulses having been reflected by a plurality of obstacles ahead
(usually, the rear end of the leading vehicle ahead) and detects
a vehicle separation or a distance to the plurality of obstacles
and a relative velocity from arrival time of the reflected radia-
tion. The detected vehicle separation and the relative velocity
are output to the controller 250. The fore region scanned by
the laser radar 10 is about +6 deg to each side of an axis
parallel to the vehicle longitudinal centerline, and the objects
existing in the range are detected.

The acceleration sensor 35 is a sensor that detects longitu-
dinal acceleration of the vehicle and outputs the detected
longitudinal acceleration to the controller 250. The accelera-
tor pedal position sensor 55 is a sensor that detects the depres-
sion amount of an accelerator pedal (not illustrated) (accel-
erator pedal position). The accelerator pedal position sensor
55 detects accelerator pedal position, for instance, having
been converted to angle of rotation of servomotor through a
link mechanism and outputs it to the controller 250.

The controller 250, which is an electronic control unit
constituted by a CPU and CPU peripheral components such
as a ROM and a RAM, controls the overall driving assistance
system 3 for vehicle. Based on signals received from the laser
radar 10, the front camera 15, the vehicle speed sensor 30, the
acceleration sensor 35, the navigation system 50, the accel-
erator pedal position sensor 55, and the like, the controller
250 analyzes driving characteristics of the driver and carries
out drive diagnosis. Then, based on the drive diagnosis result,
the controller 250 provides the driver with information. Infor-
mation provided to the driver includes alarm to the driver,
improvement suggestion of the drive operation, and the like.
Control contents of the controller 250 are described in detail
later.

Next, the behavior of the driving assistance system 3 for
vehicle according to the sixth embodiment will be explained,
beginning with the outline thereof.

Based on traveling conditions of the vehicle and drive
operation of the driver, the controller 250 of the driving assis-
tance system 3 for vehicle carries out drive diagnosis of the
driver, and, in response to the drive diagnosis result, alerts the
driver and suggests the driver to improve the drive operation.
More specifically, the controller 250 uses an accelerator pedal
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position signal so as to detect unstable state of drive operation
and carries out drive diagnosis of the driver. In the sixth
embodiment, the steering entropy method used in the above-
described fourth and the fifth embodiments is applied to
accelerator pedal operation so as to detect unstable state of
drive operation. Although the steering entropy method is a
method using steering angle with respect to lateral control of
the vehicle, in the sixth embodiment unstable state of longi-
tudinal drive operation of the vehicle is detected using an
accelerator pedal position signal with respect to longitudinal
control of the vehicle.

Then, if the drive diagnosis result indicates that the driver
is engaging in risky driving more than he usually is, i.e., if the
drive operation of the driver is deviated into a riskier state, the
controller 100 alerts the driver so as to inform the driver
thereof before the drive operation of the driver goes into a
high-risk state. On the other hand, if the drive diagnosis result
indicates that the drive operation of the driver is better than
the standard of general public, the controller 100 provides the
driver with information so as to encourage safer driving or
suggest improvement.

The o value (hereinafter referred to as cap value) used the
sixth embodiment is the 90 percentile (range of a distribution
in which 90% of accelerator pedal position errors are
included) that is calculated by obtaining the difference
between an pedal operation error in a given period of time
based on time series data of the accelerator pedal position,
i.e., an estimated value of accelerator pedal position on the
assumption that the accelerator pedal is smoothly operated,
and the actual accelerator pedal position, and by measuring
the distribution (variation) of the accelerator pedal position
errors.

An accelerator pedal position entropy value (hereinafter
referred to as Hp_ap) represents fuzziness (uncertainty) of
accelerator pedal position error distribution. Similarly to clap
value, Hp_ap value becomes small when the accelerator pedal
is operated stably and smoothly, while it becomes great when
steering is operated awkwardly and unstably. Hp_ap value is
corrected by cap value and can be used as an driver the
instability unaffected by skills or habit of the driver.

In the sixth embodiment, an accelerator pedal position
entropy calculated using accelerator pedal position error dis-
tribution of general driver group is used as a reference state.
Then, accelerator pedal position entropy is calculated using
the measured accelerator pedal position error distribution of
the driver, and drive diagnosis is carried out by detecting
unstable state of the drive operation which the driver basically
has.

It is to be noted that since accelerator pedal position is
affected by road alignment, the relationship with the leading
vehicle, load condition of the driver, and the like, it is neces-
sary that the reference accelerator pedal position error distri-
bution is measured when the driver is in an unloaded condi-
tion. Therefore, in the sixth embodiment, in order to be less
likely to be affected by those factors, accelerator pedal posi-
tion distribution is obtained using accelerator pedal position
data in a scene in which the vehicle travels along a road
alignment which is virtually a straight road at a constant
velocity and based on accelerator pedal position data having
been measured during long period of time.

The behavior of the driving assistance system 3 for vehicle
according to the sixth embodiment will now be explained in
detail with reference to FIG. 47. FIG. 47 is a flow chart
illustrating the procedure of driving assistance control pro-
cessing performed by the controller 250 achieved in the sixth
embodiment. The processing is performed continuously at
regular intervals, e.g., for every 50 msec.
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In step S1331, the controller 250 reads an accelerator pedal
position signal dap detected by the accelerator pedal position
sensor 55. In step S1333, the controller 250 reads a road
curvature signal p of aroad along which the vehicle travels. In
step 1335 the controller 250 reads a vehicle velocity signal
Vap of the vehicle detected by the vehicle speed sensor 30. In
step S1337, the controller 250 reads a vehicle separation dd
and a relative velocity vr with the obstacles ahead of the
vehicle, more specifically the leading vehicle, detected by the
laser radar 10. In step S1339, the controller 250 reads a
longitudinal acceleration xg of the vehicle detected by the
acceleration sensor 35.

In the following steps S1341 to S1349, a decision is made
as to whether or not to calculate accelerator pedal position
entropy. More specifically, in step S1341, a decision is made
as to whether or not the road curvature signal p read in step
S1333 is smaller than a road curvature predetermined value
papo for making a decision that the vehicle is traveling along
a straight road. When the road curvature signal p is equal to or
less than the predetermined value papo, the controller 250
determines that the vehicle is traveling along a straight road,
and the flow of control proceeds to step S1343. When
p>papo, the controller 250 terminates the processing.

In step S1343, a decision is made as to whether or not the
vehicle velocity signal Vap having been read in step S1335 is
greater than a predetermined value Vapo. The predetermined
value Vapo is a threshold value used to determine whether or
not the vehicle is traveling along where the vehicle can travel
along at a constant velocity such as an expressway, and for
example Vapo=60km/h. When the vehicle velocity signal Vap
is greater than the predetermined value Vapo, the flow of
control proceeds to step S1345. When the vehicle velocity
signal V is equal to or less than the predetermined Vapo, the
controller 250 terminates the processing.

In step S1345, at first, a time to contact ttc of the vehicle
relative to the leading vehicle is calculated using the vehicle
separation dd and the relative velocity vr read in step S1337.
The time to contact ttc represents a duration of time until the
vehicle and the leading vehicle contact when the velocity Vap
of'the vehicle and the relative vehicle velocity vr are constant.
The time to contact ttc is calculated using the following
equation (34).

tte=dd/vr (Equation 34)

Then, the time to contact ttc calculated using equation (34)
is compared with a predetermined value ttcapo. The prede-
termined value ttcapo is a threshold value used to determine
whether or not the vehicle is following the leading vehicle
with a sufficient time to contact. If the time to contact ttc is
greater than the predetermined value ttcapo and the vehicle is
following the leading vehicle, the flow of control proceeds to
step S1347. If ttesttcap, the controller 250 terminates the
processing.

In step S1347, the longitudinal acceleration xg calculated
in step S1339 is compared with a predetermined value
xg_apo. The predetermined value xg_apo is a threshold value
used to make a decision as to whether or not the vehicle is
traveling at a substantially constant velocity. If xg<xg_apo
and the controller 250 determines that the vehicle is traveling
at a substantially constant velocity, the flow of control pro-
ceeds to step S1349, while if xg=xg_apo, the controller 250
terminates the processing.

In step S1349, the accelerator pedal position dap calculated
in step S1331 is compared with an predetermined value dapo.
The predetermined value dapo is a threshold value used to
determine as to whether or not the driver is depressing the
accelerator pedal. If dap>dapo and the controller 250 deter-
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mines that the driver is operating the accelerator pedal, the
flow of control proceeds to step S1351, while if dap=dapo, the
controller 250 terminates the processing.

In step S1351, a decision is made as to whether or not the
number of samples n of the accelerator pedal position signal
dap measured under the above-described conditions is greater
than a predetermined value Napl. Here, the predetermined
value Napl is a threshold value used to determine whether or
not sufficient amount of long-duration data have been
obtained so as to be less likely to be affected by load condition
of'the driver, and for example Nap1=100,000. It is to be noted
that 100,000 data are predicted to be obtained by traveling
during approximately three weeks. When the number of
samples n is greater than the predetermined value Napl, the
flow of control proceeds to step S1353, and when the number
of' samples n is equal to or less than the predetermined value
Napl, the controller 250 terminates the processing.

In step S1353, an accelerator pedal position entropy
Hp_ap1 is calculated using the accelerator pedal position
signal dap measured during a long period of time (hereinafter
referred to as long-duration accelerator pedal position
entropy). The long-duration accelerator pedal position
entropy Hp_apl is a value that represents unstable state of
drive operation that the driver basically has, and is an usual
instability of the driver. It is to be noted that the accelerator
pedal position entropy Hp_apl1 is calculated basically in the
same method as the above-described steering angle entropy
Hp is. However, in the explanations below, a smoothing value
of the accelerator pedal position is denoted by dapn-tilde, an
estimated value of the accelerator pedal position is denoted by
dapn-hat, and an accelerator pedal position error is denoted
by e_apn.

The calculation processing of the long-duration accelerator
pedal position entropy Hp_apl will be explained with refer-
ence to the flow chart of FIG. 48. In step S1361, the controller
250 collects time series data of n accelerator pedal position
signals dapn measured at the sampling interval Ts under the
above-described conditions. The sampling interval Ts is, for
instance, 50 msec.

In step S1362, using the above equation (24), three accel-
erator pedal position smoothing values dapn-tilde are calcu-
lated using three adjacent accelerator pedal positions dapn at
150 msec intervals. In step S1363, using the above equation
(23), an estimated value dapn-hat of accelerator pedal posi-
tion is calculated using the three accelerator pedal position
smoothing values dapn-tilde calculated in step S1362. In step
S1364, using the above equation (26), an accelerator pedal
position error e_apn is calculated using the estimated value
dapn-hat of accelerator pedal position calculated in step
S1363 and the actual accelerator pedal position signal dapn.

In step S1365, as shown in FIG. 25, the accelerator pedal
position error e_apn calculated in step S1364 are divided into
nine categories, b1 to b9, with respect to a value (=c0_ap) in
reference state, and a probability Pi of the frequency of the
accelerator pedal position error e_apn included in each of the
categories bi relative to all the frequencies is calculated. Here,
a value (=c.o_ap) in reference state is pre-set based on accel-
erator pedal position signal of the general driver group (driv-
ers of general public) and is stored in a memory of the con-
troller 250. Then, the category bi is set when the controller
200 executes the program shown in FIG. 47.

In the following step S1366, using the following equation
(29), the long-duration accelerator pedal position entropy
Hp_ap1 is calculated using the probability Pi calculated in
step S1365.

As the long-duration accelerator pedal position entropy
Hp_ap1 is small, degrees of steepness of distribution of the
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accelerator pedal position error e_apn is large and the distri-
bution of the accelerator pedal position error e_apn is kept in
acertain range. Namely, it indicates that the accelerator pedal
is operated smoothly and the operation is in a stable state. On
the other hand, as the long-duration accelerator pedal position
entropy Hp_ap1 value is large, degrees of steepness of distri-
bution of the accelerator pedal position error e_apn is small,
and distribution of the accelerator pedal position error e_apn
varies. In other words, it indicates that the accelerator pedal is
operated awkwardly and the operation is in an unstable state.

Thus, after the long-duration accelerator pedal position
entropy Hp_apl is calculated in step S1353, the flow of con-
trol proceeds to step S1355. In step S1355, the controller 250
presents an alarm or an instruction (improvement suggestion)
to the driver depending on the long-duration accelerator pedal
position entropy Hp_apl. As the long-duration accelerator
pedal position entropy Hp_ap1 is greater, the instability of
drive operation is greater compared to the average accelerator
pedal position entropy of the general driver group (general
public).

Therefore, as, for instance, shown in FIG. 49, the magni-
tudes of the long-duration accelerator pedal position entropy
Hp_ap1 are divided into five levels (SSS; SS, SM, SL, and
SLL), and the controller 250 informs the driver of the level of
the magnitude of the calculated long-duration accelerator
pedal position entropy Hp_ap1. It is to be noted that the five
levels are set appropriately so that the average accelerator
pedal position entropy of the general driver group (general
public) falls on the center level SM in the category shown in
FIG. 49.

FIG. 50 presents an example of contents to be informed
according to the category result of the long-duration accel-
erator pedal position entropy Hp_apl. In the case where the
long-duration accelerator pedal position entropy Hp_apl is
categorized into the level SLL, the controller 250 displays a
text conveying a message “The instability of operation is
great” on the display monitor of the display unit 180. In the
case where the long-duration accelerator pedal position
entropy Hp_ap1 is categorized into the level SL, the control-
ler 250 displays a text conveying a message “The instability
of operation is slightly great”. In the case where the long-
duration accelerator pedal position entropy Hp_apl is catego-
rized into the level SM, which is equal to the average accel-
erator pedal position entropy of the general driver group, the
controller 250 displays a text conveying a message “The
instability of operation is average”. In the case where the
long-duration accelerator pedal position entropy Hp_apl is
categorized into the level SS, the controller 250 displays a text
conveying a message “The instability of operation is slightly
small”. In the case where the long-duration accelerator pedal
position entropy Hp_ap1 is categorized into the level SSS, the
controller 250 displays a text conveying a message “The
instability of operation is small”. It is to be noted that the
contents to be informed shown in FIG. 50 may be provided to
the driver through voices that come out of the speaker 130.

Thus, in the sixth embodiment explained above, in addition
to the advantageous effects according to the first to the fifth
embodiments described above, the following operations and
advantageous effects can be achieved.

The amount of accelerator pedal operation is detected as an
drive operation, and the accelerator pedal position entropy
Hp_ap, which represents the instability of accelerator pedal
operation by the driver, is calculated using the amount of
accelerator pedal operation as an index that represents driving
characteristics of the driver. This allows drive diagnosis to be
carried out accurately with respect to longitudinal drive
operation of the vehicle.
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—Variation 1 of the Sixth Embodiment—

Here, long-duration accelerator pedal position entropy
Hp_ap1 calculated using accelerator pedal position error dis-
tribution of the driver measured during a long period of time
is designated as a reference state. Then, drive diagnosis is
carried out by calculating accelerator pedal position entropy
using accelerator pedal position error distribution of the
driver measured during an intermediate period of time, and by
detecting deviation from unstable state of drive operation that
the driver basically has.

The behavior of the driving assistance system 3 for vehicle
according to a variation 1 of the sixth embodiment will now
be explained in detail with reference to FIGS. 51 and 52.
FIGS. 51 and 52 are flow charts illustrating the procedure of
driving assistance control processing performed by the con-
troller 250 achieved in the variation 1 of the sixth embodi-
ment. The processing is performed continuously at regular
intervals, e.g., for every 50 msec. Since the processing
executed in steps S1371 to S1393 are the same as those
executed in steps S1331 to S1353 in the flow chart shown in
FIG. 47, explanations thereof will be omitted. However, in the
case where a decision is made that the number of samples n is
equal to or less than the predetermined value Napl in step
S1391, the controller 250 does not terminate the processing
so that the flow of control proceeds to step S1397 in FIG. 52.

In step S1393, after calculating the long-duration accelera-
tor pedal position entropy Hp_apl, which represents refer-
ence state, in step S1395 the controller 250 calculates o value
used to calculate intermediate-duration accelerator pedal
position entropy. Here, the personal a value (hereinafter
referred to as ciap1 value) of the driver is calculated using the
accelerator pedal position dap measured during a long period
of'time. The processing here will be explained with reference
to the flow chart of FIG. 53.

Instep S1421, the controller 250 collects time series data of
n accelerator pedal positions dapn measured at the sampling
interval Ts under the above-described conditions. The sam-
pling interval Ts is, for instance, 50 msec. In step S1422,
using the above equation (24), three accelerator pedal posi-
tion smoothing values dapn-tilde are calculated using three
adjacent accelerator pedal positions dapn at 150 msec inter-
vals.

In step S1423, using the above equation (23), the estimated
value dapn-hat of accelerator pedal position is calculated
using three accelerator pedal position smoothing values
dapn-tilde calculated in step S1422. In step S1424, using the
above equation (26), the accelerator pedal position error
e_apn is calculated using the estimated value dapn-hat of
accelerator pedal position calculated in step S1423 and the
actual accelerator pedal position signal dapn.

In the following step S1425, frequency of the accelerator
pedal position error e_apn is counted per predetermined
accelerator pedal position error. The predetermined accelera-
tor pedal position error is determined in view of resolution of
the accelerator pedal position sensor 55. Here, as shown, for
example, in the table of FIG. 31 used to calculate steering
error distribution, the accelerator pedal position errors e_apn
are categorized per 0.001. In step S1426, 0 is assigned to i_ap,
which represents the category of accelerator pedal position
error.

In step S1427, a decision is made as to whether or not the
probability Pap of frequency Tap0.000 when the accelerator
pedal position error e_apn=0.000 is equal to or greater than
90% relative to all the frequencies of all the accelerator pedal
position errors. In the case where the probability Pap of fre-
quency Tap0.000 is equal to or greater than 90%, the flow of
control proceeds to step S1430. In this case, since i_ap=0,
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therefore c.ap1=0.000. If a negative decision is made in step
S1427, the flow of control proceeds to step S1428. In step
S1428, i_ap is incremented by 1 so as to set it (i_ap+1).

In step S1429, a decision is made as to whether or not the
probability Pap of frequency (Tap0.000+Tap0.001+Tap-
0.001) of accelerator pedal position errors e_apn from -0.001
to +0.001, which is an expanded category for accelerator
pedal position error, relative to all the frequencies of all the
accelerator pedal position errors is equal to or greater than
90%. In the case where the probability Pap is equal to or
greater than 90%, the flow of control proceeds to step S1430.
In this case, sincei_ap=1, therefore cap1=0.001. If a negative
decision is made in step S1429, the flow of control returns to
step S1428, i_ap is incremented again and the decision-mak-
ing in step S1429 is repeated.

Thus, after the o_ap1 value is calculated in step S1395, the
flow of control proceeds to step S1397 of FIG. 52. In step
S1397, a decision is made as to whether or not the number of
samples n of accelerator pedal positions dap measured under
the above condition is greater than a predetermined value
Nap2. Here, the predetermined value Nap2 is a threshold
value used to determine whether or not sufficient intermedi-
ate-duration (e.g., traveling during approximately one day)
data used to make a decision as to deviation from the usual
drive operation of the driver have been obtained, and, for
example, Nap2=7200. In the case where, the number of
samples n is greater than the predetermined value Nap2, the
flow of control proceeds to step S1399, while in the case
where the number of samples n is equal to or less than the
predetermined value Nap2, the controller 250 terminates the
processing.

In step S1399, an intermediate-duration steering angle
entropy Hp_ap2 is calculated using accelerator pedal position
signal dap measured during an intermediate period of time.
The intermediate-duration steering angle entropy Hp_ap2is a
value calculated using accelerator pedal position signal dap
measured during an intermediate period of time with the
long-duration accelerator pedal position entropy Hp_apl
using accelerator pedal position signal dap measured during a
long period of time being used as a reference state. The
intermediate-duration steering angle entropy Hp_ap2 is a
value that represents deviation (gap) from the unstable state
of drive operation that the driver basically has. The interme-
diate-duration accelerator pedal position entropy Hp_ap2 is
calculated in the same method as the long-duration accelera-
tor pedal position entropy Hp_ap1, which is explained with
reference to the flow chart of FIG. 48, is. However, the per-
sonal aapl value of the driver calculated in step S1395 is used
as a value.

In step S1401, the controller 250 calculates the difference
AHp_ap2 (=Hp_ap2-Hp_apl) between the long-duration
accelerator pedal position entropy Hp_ap1 calculated in step
S1393 and the intermediate-duration accelerator pedal posi-
tion entropy Hp_ap2 calculated in step S1399. Then, the
calculated difference AHp_ap2 is used to make a decision as
to drive operation unstable state. It can be regarded that as the
intermediate-duration accelerator pedal position entropy
Hp_ap2 is greater relative to the long-duration accelerator
pedal position entropy Hp_ap1, the instability of drive opera-
tion has become greater compared to the instability of opera-
tion that the driver basically has. Accordingly, for example, in
the case where the difference AHp_ap2 in accelerator pedal
position entropy is greater than a predetermined value THap2,
the controller 250 makes a decision that the drive operation is
in an unstable state, the flow of control proceeds to step
S1403.
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In step S1403, it is informed that the drive operation of the
driver is in an unstable state. Here, as, for example, shown in
FIG. 54, the difference AHp_ap2 in accelerator pedal position
entropy is divided into two levels (D2Pap and D2PPap)
according to the magnitude of the difference AHp_ap2 in
accelerator pedal position entropy in the region equal to or
greater than the predetermined value THap2. Then, the con-
troller 250 informs the driver of the level that corresponds to
the difference AHp_ap2 in accelerator pedal position entropy
calculated in step S1401.

FIG. 55 presents an example of contents to be informed
according to the category result of the difference AHp_ap2 in
accelerator pedal position entropy. In the case where the
difference AHp_ap2 is categorized into the level D2PPap,
which is greater than a predetermined value THap2L
(>THap2), the controller 250 displays a text conveying a
message “The instability of operation is greater than it usually
is” on the display monitor of the display unit 180. In the case
where the difference AHp_ap2 is categorized into the level
D2Pap which is greater than the predetermined value THap2,
the controller 250 displays a text conveying a message “The
instability of operation is slightly greater than it usually is™. It
is to be noted that the contents to be informed shown in FIG.
55 may be provided to the driver through a voice that comes
out of the speaker 130.

If a negative decision is made in step S1401, the controller
250 skips notification processing of unstable state in step
S1403. Thus, after detecting deviation from unstable state of
usual drive operation and informing the driver thereof, in
processing of step S1405 and the following steps the control-
ler 250 provides information to the driver based on compari-
son result of the past and the present intermediate-duration
accelerator pedal position entropies. More specifically, the
controller 250 compares the intermediate-duration accelera-
tor pedal position entropy calculated in the past (hereinafter
referred to as Hp_ap2p) with the latest intermediate-duration
accelerator pedal position entropy Hp_ap2 so as to detect
change in the instability of drive operation during an inter-
mediate period of time and inform the driver thereof.

At first, in step S1405, the controller 250 calculates the
difference AHp_ap2p between the past intermediate-duration
accelerator pedal position entropy Hp_ap2p that has been
calculated in the past with respect to the same driver and has
been stored and the latest intermediate-duration accelerator
pedal position entropy Hp_ap2 calculated in step S1399.
Then, the calculated difference AHp_ap2p is used to make a
decision as to change in instability of drive operation. It can
be regarded that as the latest intermediate-duration accelera-
tor pedal position entropy Hp_ap2 is smaller relative to the
past intermediate-duration accelerator pedal position entropy
Hp_ap2p, i.e., as the difference AHp_ap2p is negative in sign
and greater in value, the instability of drive operation has
changed in the decremental direction compared to that of the
past. Therefore, for instance, in the case where the difference
AHp_ap2p in accelerator pedal position entropy is smaller
than a predetermined value THap2P, the controller 250 makes
a decision that instability of drive operation has become
reduced, and the flow of control proceeds to step S1407.

In step S1407, the controller 250 informs that the instabil-
ity of drive operation of the driver has become smaller and the
accelerator pedal operation has become smoother (operation
improvement suggestion). Here, as, for example, shown in
FIG. 56, the difference AHp_ap2p in accelerator pedal posi-
tion entropy is divided into two levels (D2PMap and
D2PMMap) according to the magnitude of the difference
AHp_ap2p in accelerator pedal position entropy in the region
smaller than the predetermined value THap2P. Then, the con-
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troller 250 informs the driver of the level that corresponds to
the difference AHp2p in accelerator pedal position entropy
calculated in step S1405.

FIG. 57 presents an example of contents to be informed
according to the category result of the difference AHp_ap2p
in accelerator pedal position entropy. In the case where the
difference AHp_ap2p is categorized into the level D2PMap,
which is smaller than the predetermined value THap2P, the
controller 250 displays a text conveying a message “The
instability of operation is slightly smaller than it was before”
on the display monitor of the display unit 180. In the case
where the difference AHp_ap2p is categorized into the level
D2PMMap, which is smaller than a predetermined value
THap2PL (<THap2P), the controller 250 displays a text con-
veying a message “The instability of operation is smaller than
itwas before”. It is to be noted that the contents to be informed
shown in FIG. 57 may be provided to the driver through a
voice that comes out of the speaker 130.

If a negative decision is made in step S1405, the controller
250 skips operation improvement suggestion processing in
step S1407, and the flow of control proceeds to step S1409. In
step S1409, the intermediate-duration accelerator pedal posi-
tion entropy Hp_ap2 calculated in step S1399 is set as the past
intermediate-duration accelerator pedal position entropy
Hp_ap2p in preparation for the next processing.

In processing after step S1411, the controller 250 uses the
personal aapl value of the driver calculated based on the
long-duration accelerator pedal position signal dap of the
driver so as to perform operation improvement suggestion to
the driver. As described above, the capl value is the 90
percentile calculated in distribution of accelerator pedal posi-
tion error calculated based on the long-duration accelerator
pedal position signal data of the driver. Therefore, the aiapl
value is a factor that represents distribution of long-duration
accelerator pedal position error of the driver.

In step S1411, the capl value calculated in step S1430 is
compared with a predetermined value THaapl. In the case
where the long-duration capl value of the driver is smaller
than the predetermined value THaapl, the instability of drive
operation of the driver is small. Then, if the capl value is
smaller than the predetermined value THaapl, the flow of
control proceeds to step S1413.

In step S1413, the controller 250 informs that the instabil-
ity of drive operation of the driver is small and the accelerator
pedal is operated smoothly (operation improvement sugges-
tion). Here, as, for example, shown in FIG. 58, the c.ap1 value
is divided into two levels (alapS and alapSS) according to
the capl value in the region smaller than the predetermined
value THaap1. Then, the controller 250 informs the driver of
the level that corresponds to the ciap1 value calculated in step
S1430.

FIG. 59 presents an example of contents to be informed
according to the category result of the aap1 value. In the case
where the capl value is categorized into the level alapS,
which is smaller than the predetermined value THaapl, the
controller 250 displays a text conveying a message “The
instability of operation is slightly small” on the display moni-
tor of the display unit 180. In the case where the capl value
is categorized into the level alapSS, which is smaller than a
predetermined value THaaplS (<THaapl), the controller
250 displays a text conveying a message “The instability of
operation is small”. It is to be noted that the contents to be
informed shown in FIG. 59 may be provided to the driver
through a voice that comes out of the speaker 130.

Thus, the controller 250 terminates the processing. It is to
be noted that if a negative decision is made in step S1411, the
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controller 250 skips operation improvement suggestion pro-
cessing in step S1413 and terminates the processing.
—Variation 2 of the Sixth Embodiment—

Here, long-duration accelerator pedal position entropy
Hp_ap1 calculated using accelerator pedal position error dis-
tribution of the driver measured during a long period of time
is designated as a reference state. Then, drive diagnosis is
carried out by calculating accelerator pedal position entropy
using accelerator pedal position error distribution of the
driver measured during a short period of time, and by detect-
ing short-duration deviation from unstable state of drive
operation that the driver basically has.

The behavior of the driving assistance system 3 for vehicle
according to a variation 2 of the sixth embodiment will now
be explained in detail with reference to FIG. 60. FIG. 60 is a
flow chart illustrating the procedure of driving assistance
control processing performed by the controller 250 achieved
in the variation 2 of the sixth embodiment. The processing is
performed continuously at regular intervals, e.g., for every 50
msec. Since the processing executed in steps S1441 to S1465
are the same as those executed in steps S1371 to S1395 in the
flow chart shown in FIG. 51, explanations thereof will be
omitted.

Afterthe capl value is calculated in step S1465, the flow of
control proceeds to step S1467. In step S1467, a decision is
made as to whether or not the number of samples n of accel-
erator pedal position signals dap measured under the above
condition is greater than a predetermined value Nap3. Here,
the predetermined value Nap3 is a threshold value used to
determine whether or not short-duration (e.g., traveling dur-
ing approximately five minutes) data used to make a decision
as to short-duration deviation from the usual drive operation
of the driver have been obtained, and, for example,
Nap3=1200. In the case where the number of samples n is
greater than the predetermined value Nap3, the flow of con-
trol proceeds to step S1469, while in the case where the
number of samples nis equal to or less than the predetermined
value Nap3, the controller 250 terminates the processing.

In step S1469, a short-duration accelerator pedal position
entropy Hp_ap3 is calculated using accelerator pedal position
signal dap measured during a short period of time. The short-
duration accelerator pedal position entropy Hp_ap3 is a value
calculated using accelerator pedal position signal dap mea-
sured during a short period of time with accelerator pedal
position error distribution using the accelerator pedal position
signal dap measured during a long period of time being used
as a reference state. The short-duration accelerator pedal
position entropy Hp_ap3 is a value that represents short-
duration deviation (gap) from the unstable state of drive
operation that the driver basically has. The short-duration
accelerator pedal position entropy Hp_ap3 is calculated in the
same method as the long-duration accelerator pedal position
entropy Hp_apl, which is explained with reference to the
flow chart of FIG. 48, is. However, the personal ciap1 value of
the driver calculated in step S1465 is used as o value.

In step S1471, the controller 250 calculates the difference
AHp_ap3 (=Hp_ap3-Hp_apl) between the long-duration
accelerator pedal position entropy Hp_ap1 calculated in step
S1463 and the short-duration accelerator pedal position
entropy Hp_ap3 calculated in step S1469. Then, the calcu-
lated difference AHp_ap3 is used to make a decision as to
drive operation unstable state. It can be regarded that as the
short-duration accelerator pedal position entropy Hp_ap3 is
greater relative to the long-duration accelerator pedal position
entropy Hp_ap1, the instability of drive operation at present
has become greater compared to the instability of operation
that the driver basically has. Accordingly, for example, in the
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case where the difference AHp_ap3 in accelerator pedal posi-
tion entropy is greater than a predetermined value THap3, the
controller 250 makes a decision that the drive operation is in
an unstable state, the flow of control proceeds to step S1473.

In step S1473, it is informed that the present drive opera-
tion of the driver is in an unstable state. Here, as, for example,
shown in FIG. 61, the difference AHp_ap3 in accelerator
pedal position entropy is divided into two levels (D3Pap and
D3PPap) according to the magnitude of the difference
AHp_ap3 in accelerator pedal position entropy in the region
equal to or greater than the predetermined value THap3.
Then, the controller 250 informs the driver of the level that
corresponds to the difference AHp_ap3 in accelerator pedal
position entropy calculated in step S1471.

FIG. 62 presents an example of contents to be informed
according to the category result of the difference AHp_ap3 in
accelerator pedal position entropy. In the case where the
difference AHp_ap3 is categorized into the level D3PPPap,
which is greater than a predetermined value THap3L
(>THap3), the controller 250 displays a text conveying a
message “The instability of operation is great” on the display
monitor of the display unit 180. In the case where the differ-
ence AHp_ap3 is categorized into the level D3Pap, which is
greater than the predetermined value THap3, the controller
250 displays a text conveying a message “The instability of
operation is slightly great”. It is to be noted that the contents
to be informed shown in FIG. 62 may be provided to the driver
through a voice that comes out of the speaker 130.

Thus, the controller 250 terminates the processing. It is to
be noted that if a negative decision is made in step S1471, the
controller 250 skips notification processing of unstable state
in step S1473 and terminates the processing.
<<Seventh Embodiment>>

The driving assistance system for vehicle according to the
seventh embodiment of the present invention will now be
explained. FIG. 63 is a control diagram showing a driving
assistance system 4 for vehicle according to the seventh
embodiment of the present invention. FIG. 64 is a view illus-
trating how the driving assistance system 4 for vehicle shown
in FIG. 63 is arranged on an automobile.

At first, the structure of the driving assistance system 4 for
vehicle will be explained.

The laser radar 10, mounted to a front grille, bumper, or the
like of the vehicle, propagates infrared light pulses horizon-
tally so as to scan the region ahead of the vehicle. The laser
radar 10 measures the reflected radiation of the infrared light
pulses having been reflected by a plurality of obstacles ahead
(usually, the rear end of the leading vehicle ahead) and detects
a vehicle separation or a distance to the plurality of obstacles
and a relative velocity from arrival time of the reflected radia-
tion. The detected vehicle separation and the relative velocity
are output to a controller 300. The fore region scanned by the
laser radar 10 is about +6 deg to each side of an axis parallel
to the vehicle longitudinal centerline, and the objects existing
in the range are detected.

The vehicle speed sensor 30 measures the number of wheel
revolutions or the number of revolutions of the output side of
the transmission so as to detect the vehicle speed thereof, and
outputs the detected speed thereof to the controller 300.

The navigation system 50, including a GPS (Global Posi-
tioning System) receiver, a map database, a display monitor,
and the like, is a system to perform a path search, a routing
assistance, and the like. Based on current location of the
vehicle obtained via the GPS receiver and road information
stored in the map database, the navigation system 50 obtains
information on the class, the width, and the like of the road
along which the vehicle travels.
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An accelerator pedal stroke sensor 55 detects stroke
amount of the accelerator pedal (accelerator pedal operation
amount), for instance, having been converted to angle of
rotation of servomotor through a link mechanism and outputs
it to the controller 300. The brake pedal stroke sensor 60
detects the depression amount of the brake pedal by the driver
(degree of operation of the brake pedal). The brake pedal
stroke sensor 60 outputs the detected brake pedal operation
amount to the controller 300. A turn signal switch 65 detects
whether or not the driver has operated a turn signal lever and
outputs a detection signal to the controller 300.

The controller 300, which is an electronic control unit
constituted by a CPU and CPU peripheral components such
as a ROM and a RAM, controls the overall driving assistance
system 4 for vehicle. Based on signals received from the laser
radar 10, the vehicle speed sensor 30, the navigation system
50, the accelerator pedal stroke sensor 55, the brake pedal
stroke sensor 60, the turn signal switch 65, and the like, the
controller 300 analyzes driving characteristics of the driver
and carries out drive diagnosis. Then, based on the drive
diagnosis result, the controller 300 provides the driver with
information. Information provided to the driver includes
alarm to the driver, improvement suggestion of the drive
operation, and the like. Control contents of the controller 300
are described in detail later.

The speaker 130 is used to provide the driver with infor-
mation in a beep sound or in a voice, in response to a signal
from the controller 300. The display unit 180 is used to
display an alarm or improvement suggestion to operation of
the driver, in response to a signal from the controller 300. For
example, the display monitor of the navigation system 50, a
combination meter, and the like can be used as the display unit
180.

Next, the behavior of the driving assistance system 4 for
vehicle according to the seventh embodiment will be
explained, beginning with the outline thereof.

Based on traveling conditions of the vehicle and drive
operation of the driver, the controller 300 carries out drive
diagnosis of the driver, and, in response to the drive diagnosis
result, alerts the driver and suggests the driver to improve the
drive operation. More specifically, the controller 300 detects
driving characteristics when the driver lifts his foot off the
accelerator pedal in a state where the vehicle is following the
leading vehicle, and carries out drive diagnosis using the
detected driving characteristics as an index. Then, if the drive
diagnosis result indicates that the driver is engaging in risky
driving more than he usually is, i.e., if the drive operation of
the driver is deviated into a riskier state, the controller 300
alerts the driver so as to inform the driver thereof before the
drive operation of the driver goes into a high-risk state. On the
other hand, ifthe drive diagnosis result indicates that the drive
operation of the driver is better than the standard of general
public, the controller 300 provides the driver with informa-
tion so as to encourage safer driving or suggest improvement.

Thus, the driving assistance system 4 for vehicle achieved
in the seventh embodiment includes three functions, i.e., a
function to detect the drive operation of the driver by drive
diagnosis, a function to alert the driver in response to the
detected result, and a function to give an improvement sug-
gestion to the driver in response to the detected result.
Accordingly, the driving assistance system 4 for vehicle
allows and encourages the driver to see his own driving char-
acteristics objectively, and provides the driver with an advice
depending upon the driving characteristics so that the driver
can learn a driving method to reduce the risk. In the seventh
embodiment, drive diagnosis is carried out in particular with
respect to longitudinal drive operation of the driver.
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The behavior of the driving assistance system 4 for vehicle
according to the seventh embodiment will now be explained
in detail with reference to FIG. 65. FIG. 65 is a flow chart
illustrating the procedure of driving assistance control pro-
cessing performed by the controller 300 achieved in the sev-
enth embodiment. The processing is performed continuously
at regular intervals, e.g., for every 50 msec.

At first, traveling conditions of the vehicle are detected in
step S100. Here, as the traveling conditions of the vehicle, the
controller 300 obtains velocity V of the vehicle detected by
the vehicle speed sensor 30, and vehicle separation D and
relative vehicle velocity Vr between the vehicle and the lead-
ing vehicle detected by the laser radar 10. Operating states of
the driver are detected in step S102. Here, as the operating
states of the driver, the controller 300 obtains accelerator
pedal operation amount detected by the accelerator pedal
stroke sensor 55, brake pedal operation amount detected by
the brake pedal stroke sensor 60, and whether or not the turn
signal lever has been operated detected by the turn signal
switch 65.

In step S104, in order to determine traffic scene of the
vehicle described later, the controller 300 calculates time to
contact TTC and time headway THW between the vehicle and
the leading vehicle. Time to contact TTC is a physical quan-
tity representing a current degree of closeness of the vehicle
to the leading vehicle. Time to contact TTC indicates the
number of seconds before the vehicle separation D becomes
zero and the vehicle and the leading vehicle contact with each
other if the current traveling condition remains, i.e., if the
velocity V of the vehicle and the relative vehicle velocity Vr
are constant. Time to contact TTC is expressed by the follow-
ing equation (35).

TTC=D/V¥ (Equation 35)

Time headway THW is a physical quantity representing a
degree of influence on time to contact TTC by a predicted
future change in velocity of the leading vehicle when the
vehicle is following the leading vehicle, i.e., a degree of
influence on the assumption that the relative vehicle velocity
Vr changes. Time headway THW, which is the quotient of
vehicle separation D divided by the velocity V of the vehicle,
represents time until the vehicle reaches the current position
of the leading vehicle. Time headway THW is expressed by
the following equation (36).

THW=D/V (Equation 36)

In step S106, a decision is made as to whether or not an
accelerator pedal off operation has been performed. For
example, if the controller 300 detects that the current accel-
erator pedal operation amount detected in step S102 becomes
substantially zero and the accelerator pedal is released from a
state in which the accelerator pedal is depressed, the flow of
control proceeds to step S110. If the accelerator pedal is
depressed, the controller 300 terminates the processing. It is
to be noted that in the explanations given below, an operation
ofreleasing the accelerator pedal which has been depressed is
referred to as the accelerator pedal off operation, and a point
of'time at which the accelerator pedal is released is referred to
as the accelerator pedal off time.

In step S110, the traffic scene of the vehicle is determined.
The accuracy of drive diagnosis is improved by limiting con-
ditions to vehicle traveling conditions and operating states of
the driver, and, in order to reduce discomfort to the driver
when information is provided to the driver in response to the
drive diagnosis result, traffic scene of the vehicle is deter-
mined so that drive diagnosis is carried out solely in a par-
ticular traffic scene. More specifically, drive diagnosis is car-
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ried out exclusively in a traffic scene in which the accelerator
pedal is released from a state in which the vehicle is stably
following the same leading vehicle.

Examples of conditions of stable follow-up travel scenes
are as follows.

(a) The vehicle is following the same leading vehicle (For
example, the difference between the current vehicle separa-
tion and the previously measured vehicle separation is less
than 4 meters)

(b) The vehicle is not approaching rapidly (For example,
time to contact TTC is more than 10 seconds)

(c) Time headway THW is less than a predetermined value
(For example, time headway THW is less than four seconds)

(d) There is no brake operation performed by the driver
(For example, the brake pedal operation amount is substan-
tially zero)

(e) There is no turn signal lever operation performed by the
driver (For example, there is no ON signal received from the
turn signal switch 65)

(f) The above states (a) to (¢) remain (For example, for five
seconds or more)

When the conditions (a) to (f) are all satisfied, the control-
ler 300 determines that the traffic scene of the vehicle is a
stable follow-up travel scene, and the flow of control proceeds
to step S112 for the controller 300 to carry out drive diagno-
sis. On the other hand, in the case where any of the conditions
(a)to (f) is not satisfied, the controller 300 determines that the
traffic scene of the vehicle does not correspond to a particular
traffic scene, does not carry out drive diagnosis, and termi-
nates the processing. It is to be noted that conditions in which
the controller 300 determines whether or not the traffic scene
of'the vehicle is a stable follow-up travel scene are not limited
to the above conditions (a) to (f). In addition, another detec-
tion means may detect whether or not the brake has been
operated and whether or not the turn signal lever has been
operated.

In step S112, the controller 300 determines travel location.
More specifically, based on database, the controller 300
labels index numbers to link IDs described in map informa-
tion of the navigation system 50. A link ID is an ID assigned
to a link that connects together nodes, which are attribution
change points at which lane attribution is changed. Each link
has data of lane category, link length (distance between
nodes), and so on. In step S114, the controller 300 records the
present time.

In step S116, based on the labeling results in steps S112
and S114, the controller 300 stores data used to carry out drive
diagnosis of the driver. Here, for example, the present time,
i.e., the time at which the vehicle traveled in the link, the travel
distance, a driving characteristic index in the link, the number
of travels in the link, and the like are written in the structure
for each link ID so as to create traffic road database. In the
seventh embodiment, time to contact TTC when the accelera-
tor pedal is released is used as a physical quantity that repre-
sents driving characteristics of the driver. Calculation meth-
ods of the driving characteristics and the driving
characteristic index will be explained in detail in drive diag-
nosis processing.

In the following step S120, the data stored in step S116 are
used to carry out drive diagnosis of the driver. Drive diagnosis
is carried out based on driving characteristics of the driver
when the accelerator pedal is released from a state in which
the vehicle is stably following the leading vehicle. Driving
characteristics when the vehicle is following the leading
vehicle include, for instance, time headway THW of the
vehicle and the leading vehicle, inverse of time headway
THW, time to contact TTC of the vehicle and the leading

20

25

30

35

40

45

50

55

60

65

54

vehicle, vehicle separation, inverse of vehicle separation, and
so on. In the seventh embodiment, a case is explained as an
example, in which time to contact TTC at the point of time
when the accelerator pedal is released is used.

It is to be noted that time to contact TTC when the accel-
erator pedal is released is robustly calculated using a filter of
the longitudinal direction from data of the vehicle separation
D and the relative vehicle velocity Vr before and after the
point of time of the accelerator pedal off operation.

FIG. 66 illustrates the data structure of the driving assis-
tance system 4 for vehicle. A layer A represents the amount of
data of relatively short-duration “this moment”, which indi-
cates the current operating condition of the driver. A layer B
represents the amount of data of “this day”, indicating the
operating condition of the day of the driver, which is longer
than “this moment”. A layer C represents the amount of data
of “usual” indicating the usual operating condition of the
driver, which is longer than “this day”, i.e., personal charac-
teristics. A layer D represents the amount of data of driving
characteristics of “general public”, which is used to compare
operation of each driver with that of general driver and to
diagnose the operation of each driver.

A lower layer has a larger amount of data. The amount of
data included in each of the layers corresponds to the number
of'samples used to calculate the mean values of time headway
THW in “this moment”, “this day”, and “usual”. The data
structure shown in FIG. 66 is achieved by varying the number
of the samples. The values of data included in each of the
layers are continually updated by real-time calculations
explained below.

In drive diagnosis processing, the controller 300 uses the
data of each of the layer A to the layer D so as to detect
operation of the driver in different time spans, i.e., in “this
moment”, “this day”, and “usual”. The drive diagnosis pro-
cessing executed in step S120 will be explained in detail with
reference to the flow chart of FIG. 67.

In step S122, a driving characteristic value of the driver of
“this moment” is calculated so as to carry out drive diagnosis
of “this moment” of the driver. As driving characteristic val-
ues of the driver, the controller 300 calculates the mean value
Mean_x(n) and the standard deviation Stdev_x(n) of time to
contact TTC at the accelerator pedal off time in a predeter-
mined period of time that defines “this moment”. Here, the
predetermined period of time that defines “this moment” is,
for example, 60 seconds, and, the mean value Mean_x(n) and
the standard deviation Stdev_x(n) of time to contact TTC are
calculated using data for 60 seconds from the past to the
present detected at the accelerator pedal off time in the stable
follow-up travel scene determined in step S110. The mean
value Mean_x(n) and the standard deviation Stdev_x(n) are
calculated using the following parameters.

x(n): Data obtained at this time, i.e., time to contact TTC at the
accelerator pedal off time calculated in step S106

K: The number of data of TTC calculated in a predetermined
period of time

M, (n): The sum of TTC in a predetermined period of time to
be calculated this time

M, (n): The sum of squares of TTC in a predetermined period
of time to be calculated this time

M, (n-1): The sum of TTC in a predetermined period of time
calculated in the previous time

M, (n-1): The sum of squares of TTC in a predetermined
period of time calculated in the previous time

Mean_x(n): The mean value of the data of this time, i.e., the
mean value of TTC

Var_x(n): The variance of the data of this time, i.e., the vari-
ance of TTC
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Stdev_x(n): The standard deviation of the data of this time,

i.e., the standard deviation of TTC

Here, the number of data K is determined by the product of
a predetermined period of time multiplied by the number of
samplings per second. For instance, when the predetermined
time for “this moment” is 60 seconds and the number of
samplings is 5 Hz, the number of data K=30.

The sum M, (n) and the sum of squares M,(n) are each
calculated using the following equations (37) and (38) with

these parameters.
M, (n)=M(n-1)+x(n)-M,(n-1)/K (Equation 37)
My(1)=M>(n-1)+x(n)’-My(n-1VK (Equation 38)

The mean value Mean_x(n), the variance Var_x(n), and the
standard deviation Stdev_x(n) of time to contact TTC at the
accelerator pedal off time at “this moment” are calculated
using the following equations (39), (40), and (41), respec-
tively.

Mean_ x(n)=M,(n)/K (Equation 39)
Var__x(n)=M,(n)/K-(M,(n))/K> (Equation 40)
Stdev__x(32)=v(Var_x(n)) (Equation 41)

In step S124, in order to carry out drive diagnosis of “this
day” of the driver, the controller 300 calculates follow-up
characteristic values of the driver of “this day”, i.e., the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
time to contact TTC at the accelerator pedal off time in a
predetermined period of time which defines “this day”. Here,
the predetermined period of time that defines “this day” is, for
instance, 360 seconds, and the mean value Mean_x(n) and the
standard deviation Stdev_x(n) of time to contact TTC at the
accelerator pedal off time are calculated using data for 360
seconds from the past to the present detected at the accelerator
pedal off time in the stable follow-up travel scene determined
in step S110.

More specifically, as is the case with “this moment”, the
equations (39) and (41) are used to calculate the mean value
Mean_x(n) and the standard deviation Stdev_x(n). Here, the
number of data K=1800, where the predetermined time for
“this day” is 360 seconds and the number of samplings is 5
Hz.

In step S126, in order to carry out drive diagnosis of
“usual” of the driver, the controller 300 calculates follow-up
characteristic values of the driver of “usual”, i.e., the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
time to contact TTC at the accelerator pedal off time in a
predetermined period of time which defines “usual”. Here, a
predetermined period of time that defines “usual” is, for
instance, 2160 seconds, and the mean value Mean_x(n) and
the standard deviation Stdev_x(n) of time to contact TTC at
the accelerator pedal off time are calculated using data for
2160 seconds from the past to the present detected at the
accelerator pedal off time in the stable follow-up travel scene
determined in step S110.

More specifically, as is the case with “this moment”, the
equations (39) and (41) are used to calculate the mean value
Mean_x(n) and the standard deviation Stdev_x(n). Here, the
number of data K=10800, where the predetermined time for
“usual” is 2160 seconds and the number of samplings is 5 Hz.

In processing after the following step S128, drive diagnosis
of the driver is carried out using the driving characteristic
values calculated in steps S122, S124, and S126. Here, the
driving characteristics of the driver based on data obtained in
different time spans are each compared so as to diagnose the
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drive operation of the driver based on how much both of the
driving characteristics deviate. In other words, in the data
structure shown in FIG. 66, an upper layer (e.g., the layer A)
is compared with a lower layer (e.g., the layer B) so as to carry
out the drive diagnosis.

At first, in step S128, the controller 300 calculates the
degree of deviation that indicates how much the follow-up
characteristics of the driver of “this moment” deviate from
those of “this day”. Here, the degree of deviation of “this
moment” relative to “this day” indicates the difference
between the distribution of time to contact TTC at the accel-
erator pedal off time of “this day” and that of “this moment”.
In order to calculate the degree of deviation of “this moment”
relative to “this day”, the distribution of time to contact TTC
at the accelerator pedal off time of “this day” is used as a
reference distribution which represents a long-duration
action distribution, and the distribution of time to contact
TTC at the accelerator pedal off time of “this moment” is used
as a distribution of comparison target which represents a
short-duration action distribution.

As acalculation method of degree of deviation, a method in
which distribution functions of short-duration (e.g., “this
moment”) and long-duration (e.g., “this day”) are compared
ata position (referred to as a comparison value x, ;) of “mean
value minus standard deviation” of the action distribution of
long-duration (e.g., “this day”) is adopted.

For calculating degree of deviation, the mean value
Mean_x(n) and the standard deviation Stdev_x(n) of time to
contact TTC at the accelerator pedal off time calculated in
steps S122 and S124 are used to calculate a probability den-
sity function on the assumption that time to contact TTC at the
accelerator pedal off time is normally-distributed.

As FIGS. 68(a) and (b) show, the controller 300 calculates
degree of deviation Dist,,, which indicates how much the
short-duration normal distribution of comparison target devi-
ates from the reference long-duration normal distribution, in
the region of comparison target that is set based on a prede-
termined value (comparison value x, ;). More specifically, the
difference (area of the hatched region in FIG. 68(a) and the
length of the arrow in FIG. 68(5)) between comparison dis-
tribution and reference distribution in the region where time
to contact TTC is shorter than the comparison value x,,,
corresponds to the degree of deviation Dist,, Calculation
methods shown in FIGS. 68(c) and (d) will be described later.

FIGS. 69(a) and (b) show probability density distribution
and cumulative distribution calculated based on the results
obtained through actual experiments on the public roads. In
FIG. 69(a), probability density distribution of time to contact
TTC at the accelerator pedal off time approximated by normal
distribution is shown in dashed-dotted line using the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
“this moment”, and probability density distribution of time to
contact TTC at the accelerator pedal off time approximated
by normal distribution is shown in solid line using the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
“this day”. In FIG. 69(b), cumulative distribution of “this
moment” is shown in dashed-dotted line, and that of “this
day” is shown in solid line. In FIGS. 69(a) and (b), the mean
value Mean_x(n) of time to contact TTC at the accelerator
pedal off time of “this moment”=1.22, the standard deviation
Stdev_x(n) thereof =0.80, the mean value Mean_x(n) of time
to contact TTC at the accelerator pedal off time of “this
day”=1.63, and the standard deviation Stdev_x(n)
thereof =1.00.
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At first, the comparison value x,,, is calculated using the
following equation (42) from mean value Mean_std and stan-
dard deviation Stdev_std of reference distribution.

X,7~Mean_std—Stdev_std (Equation 42)

The comparison value x,, is a value of time to contact TTC
that indicates the point in which reference distribution and
comparison distribution are compared, which corresponds to
the positions shown in dashed line in FIGS. 69(a) and (5).

Next, the value of cumulative distribution at the compari-
son value x,, of reference distribution is calculated. A prob-
ability density function f{(x) of normal distribution is calcu-
lated using the following equation (43), where the mean value
is denoted by p and the standard deviation is denoted by o
(refer to FIG. 69 (a)).

(Equation 43)

The probability density function f(x) calculated using
equation (43) is integrated to give a cumulative distribution
function F(x) as expressed in the following equation (44)
(refer to FIG. 69(5)).

[, Ki:é‘)z,] (Equation 44)
e\ 207 )dx

1
F(x) =
x) fo—\/ﬂ

Probability F,, (x) of cumulative distribution in compari-
son value x,,,1s calculated using the following equation (45),
where the mean value of the reference distribution is denoted
by p,,, and the standard deviation thereof is denoted by o,

1
Faa(x) =
Tstd

Next, the value of cumulative distribution in the compari-
son value x,,, of comparison distribution is calculated. A
probability F_,, .(x) of cumulative distribution in comparison
value x,,; is calculated using the following equation (46),
where the mean value of the comparison distribution is
denoted by W, and the standard deviation thereof is
denoted by o

comp*

(Equation 45)

(Equation 46)

Feomp(¥) =

—
Tcomp N 27

The difference between the probability F, (x) of cumula-
tive distribution of the reference and the probability F.,,,(x)
of cumulative distribution of the comparison target is calcu-
lated using the following equation (47) as the degree of devia-
tion Dist ;-of “this moment” relative to “this day”.

Distyp=E compX)~F s14(X) (Equation 47)

Itis indicated that as degree of deviation Dist,;, sincreases in
a positive direction, the operation of the driver of “this
moment” is biased in the direction in which time to contact
TTC is short more than that of “this day” is, i.e., in a more
risky direction. It is indicated that as degree of deviation
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Dist,,sincreases in a negative direction, the operation of the
driver of “this moment” is biased in the direction in which
time to contact TTC is long more than that of “this day”is, i.e.,
in a less risky direction. Degree of deviation Dist,,-becomes
zero when the driver is always engaged in an operation with
the same follow-up characteristics.

In step S128, the controller 300 also calculates degree of
deviation Dist ; -of “this moment” relative to “usual”. In this
case, distribution of TTC at the accelerator pedal off time of
“usual” is used as a distribution of reference indicating long-
duration action distribution, and distribution of time to con-
tact TTC at the accelerator pedal off time of “this moment™ is
used as a distribution of comparison target indicating short-
duration action distribution. Then, the probability F_, (x) of
cumulative distribution of “usual” and the probability .,
(x) of cumulative distribution of “this moment” are used to
calculate the degree of deviation Dist,, of “this moment”
relative to “usual” using the above described equation (47).

Thus, in step S128, the controller 300 calculates each of the
degrees of deviation Dist,,-of “this moment” relative to “this
day” and of “this moment” relative to “usual”, and then the
flow of control proceeds to step S130. In step S130, as is the
case with the processing executed in step S128, the controller
300 calculates degree of deviation Dist;-of “this day” rela-
tive to “usual”. It is to be noted that here distribution of time
to contact TTC at the accelerator pedal off time of “usual” is
used as a distribution of reference indicating a long-duration
action distribution, and distribution of time to contact TTC at
the accelerator pedal off time of “this day” is used as a
distribution of comparison target indicating a short-duration
action distribution.

In the following step S132, as is the case with the process-
ing executed in step S128, the controller 300 calculates
degree of deviation Dist,,, of “usual” relative to “general
public”. It is to be noted that here distribution of time to
contact TTC at the accelerator pedal off time of “general
public” is used as a distribution of reference indicating a
long-duration action distribution, and distribution of time to
contact TTC at the accelerator pedal off time of “usual” is
used as a distribution of comparison target indicating a short-
duration action distribution. An appropriate value is set in
advance as a fixed value for the driving characteristic value of
“general public”, i.e., the mean value and the standard devia-
tion of time to contact TTC at the accelerator pedal off time.

Thus, after drive diagnosis of the driver is carried out in
step S120 using data obtained in a plurality of different time
spans, the flow of control proceeds to step S140. It is to be
noted that for the sake of simplicity, degree of deviation
Dist,, -0 “this moment” relative to “usual” will be denoted by
Dist_1a, degree of deviation Dist ;0f “this moment” relative
to “this day” will be denoted by Dist_15, degree of deviation
Dist,,; of “this day” relative to “usual” will be denoted by
Dist_2, and degree of deviation Dist,,of “usual” relative to
“general public” will be denoted by Dist_3.

In step S140, the controller 300 determines whether or not
to execute alarm presentation processing based on the drive
diagnosis result in step S120. Here, the controller 300 makes
a decision as to whether or not degree of deviation Dist_1a of
“this moment” relative to “usual”, degree of deviation
Dist_15 of “this moment” relative to “this day” calculated in
step S128, or degree of deviation Dist_2 of “this day” relative
to “usual” calculated in step S130 is greater than a threshold
value (for example, 0.30) to present an alarm. When degree of
deviation Dist_la, Dist_1b, or Dist_2 is greater than the
threshold value, the flow of control proceeds to step S150 so
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that the controller 300 presents the alarm to the driver. After
presenting the alarm, the controller 300 terminates the pro-
cessing.

For example, in the case where degree of deviation Dist_2
of “this day” relative to “usual” is greater than the threshold
value, a voice “You are apt to get too close to the leading
vehicle ahead” comes out of the speaker 130 together with a
beep sound. The voice information contents are set so as to
inform the driver that the driver is presently having a vehicle
separation shorter than a usual vehicle separation, or so as to
encourage the driver to have a vehicle separation longer than
the present vehicle separation. It is to be noted that actual
voice information is not limited to that. When degree of
deviation Dist_1a of “this moment” relative to “usual” or
degree of deviation Dist_15 of “this moment” relative to “this
day” is greater than the threshold value, too, pre-set appro-
priate voice information comes out.

It a negative decision is made in step S140 and the alarm is
not presented, the flow of control proceeds to step S160 and
the controller 300 determines whether or not to execute
instruction presentation processing based on the drive diag-
nosis result in step S120. Here, the controller 300 makes a
decision as to whether or not degree of deviation Dist_3 of
“usual” relative to “general public” calculated in step S132 is
smaller than a threshold value (for example, 0.07) used to
determine whether or not to present an instruction (improve-
ment suggestion). The threshold value used to determine
whether or not to present an instruction is an appropriately
pre-set value within whose range the degree of deviation of
the same driver substantially always falls. The above-de-
scribed value “0.07” has been set based on the results of
experiments using a real vehicle and 15 test objects. Accord-
ing to the experiment results, the degree of deviation calcu-
lated per test object is always equal to or less than 0.07.

If Dist_3 is smaller than the threshold value, the flow of
control proceeds to step S170 and the controller 300 presents
an instruction to the driver. After presenting the instruction,
the controller 300 terminates the processing.

For instance, as instruction presentation contents, the con-
troller 300 outputs a display and a voice that praise the drive
operation of the driver. For example, degree of deviation
Dist_3 of “usual” is converted into a score and displayed.
More specifically, a value having been obtained by reversing
the sign of degree of deviation Dist_3 and by adding 50
thereto is displayed on the display unit 180 as a score of usual
drive operation of the driver. In other words, a driver who
tends to have a higher risk scores 50 points or less, while a
driver who drives safely scores 50 points or more. It is to be
noted that the score is expressed in a range from 0 to 100: ifa
score obtained by converting degree of deviation Dist_3 is
greater than 100, the score displayed to the driver is 100
points, while a score obtained by converting degree of devia-
tion Dist_3 is smaller than 0, the score displayed to the driver
is 0 points.

As shown in FIG. 70, distribution of vehicle separation of
general public is schematically displayed on the display unit
180 so as to inform the driver of the vehicle separation of
“usual” of the driver in comparison with that of general pub-
lic. FIG. 70 indicates that vehicle separation of the driver is
longer than the mean value of vehicle separation of general
public by two grades, informing the driver of visual informa-
tion that the driver has more safety-oriented driving charac-
teristics than general public has.

In addition, through a voice coming out of the speaker 130,
the controller 300 informs the driver that usual vehicle sepa-
ration of the driver is longer than that of general public,
therefore the driver is an excellent driver who performs fol-
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low-up traveling safely. For example, a voice “You are driving
carefully. Keep it up!” comes out. Thus, the controller 300
outputs a display and a voice so as to inform the driver that the
follow-up driving characteristics of the driver is better than
those of general public driver and encourage the driver to
keep up the good operation or improve his operation.

It is to be noted that although the above examples of dis-
plays and voices include an expression “vehicle separation”,
with which the driver is familiar, displays and voices may
include an expression “time headway”. Contents of displays
and voices are not limited to the above examples as long as
displays and voices effectively convey operational character-
istics to the driver so as to alert the driver to prevent the
operation from being in a risky state and so as to suggest
further improvement in operation.

Another example of display based on drive diagnosis result
is shown in FIG. 71. In FIG. 71, the vertical axis represents
personal characteristics of the driver relative to driving char-
acteristics of general public, and the horizontal axis repre-
sents the current state of the driver relative to usual driving
characteristics of the driver. Here, as described earlier, time to
contact TTC at the point of time of the accelerator pedal off
operation from follow-up traveling may be used as driving
characteristics. When degree of deviation of “this day” rela-
tive to “usual” calculated in step S130 is great, a marker M
shifts rightward, i.e., in a direction of high risk. When degree
of'deviation of “usual” relative to “general public” calculated
in step S132 is great, the marker M shifts upward, i.e., in a
direction of high risk.

Thus, in the display example shown in FIG. 71, the drive
diagnosis result on the basis of “general public” and that of
“usual”, i.e., the drive diagnosis result on the basis of personal
characteristics of the driver are plotted on a two-dimensional
map configured with two axes. It is to be noted that the
horizontal axis may represent degree of deviation of “this
moment” relative to “this day” or that of “this moment”
relative to “usual”. In addition, the vertical axis and the hori-
zontal axis may be switched with each other and displayed.

Furthermore, as shown in FIG. 71, the two-dimensional
map may be divided into a plurality of blocks in different
colors for each of them so that the driver easily understands
where the driving characteristics of the driver is plotted. For
example, the top-right block of FIG. 71 may be displayed in
dark color, e.g. dark red, and the bottom-left block may be
displayed in subtle color, e.g. pastel blue, using color grada-
tion therebetween.

Thus, in the seventh embodiment explained above, in addi-
tion to the advantageous effects according to the first to the
sixth embodiments described above, the following operations
and advantageous effects can be achieved.

As an index to represent driving characteristics, the con-
troller 300 calculates time to contact TTC of the vehicle and
the leading vehicle at the time when the accelerator pedal is
released. Since time to contact TTC represents period of time
until the vehicle and the leading vehicle contact together
when the velocity V of the vehicle and the relative vehicle
velocity Vr are constant, accurate drive diagnosis is carried
out in a follow-up travel scene by using the time to contact
TTC as an index indicating characteristics of the driver when
the vehicle follows the leading vehicle.

—Variation of the Seventh Embodiment—

Another calculation method for degree of deviation Dist,;;
will now be explained. Here, action distribution of long
period of time (e.g., “this day”) and that of short period of
time (e.g., “this moment”) are each approximated by normal
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distribution so as to calculate the size of area of a region in
which two normal distributions do not overlap as the degree
of deviation Dist

More specifically, as shown in FIGS. 68(c) and (d), the
difference between comparison distribution and reference
distribution in a region where time to contact TTC is shorter
than an intersection point o of reference distribution and
comparison distribution, i.e., the size of area of the compari-
son distribution running off of the reference distribution, is
calculated as the degree of deviation Dist

Substituting the mean value ., ; and the standard deviation
0,01 the reference distribution and the mean value ., and
the standard deviation o,,,,, of the comparison distribution
into equation (44), probability density function £, (x) of the
reference distribution and probability density function f,,,,,
(x) of the comparison distribution are expressed by the fol-
lowing equations (48) and (49), respectively.

1 [,Sfjfisﬁ] (Equation 48)
)
Ssa(x) = e 25
TgaV 21
1 [ C—Heomp) ] (Equation 49)
Jeomp(X) = ————=e 2% omp
CeompN 270

Calculating simultaneous equations of those equations
(48) and (49), frequencies of distributions conform at two
points . and § (<p). In order to obtain the area of the range
in which two normal distributions do not overlap in a region
where time to contact TTC is shorter than the intersection
point ¢, the intersection point o is substituted into the above
equation (45) used to calculate the cumulative distribution
function of the reference distribution and the above equation
(46) used to calculate the cumulative distribution function of
the comparison distribution. Then, the probability F., (o) of
the cumulative distribution of the reference distribution is
subtracted from the probability F,,,(c) of the cumulative
distribution of the comparison distribution at the intersection
point c.

Degree of deviation Dist,,is calculated using the follow-
ing equation (50).

Distyp=F comp(@)—F sa( 1) (Equation 50)
It is to be noted that the area Dist in which the two

corr

normal distributions are overlapping is calculated using the
following equation (51).

Dist,,,,=1-Distg»

<<Eighth Embodiment>>

A driving assistance system for vehicle according to the
eighth embodiment of the present invention will now be
explained. FIG. 72 shows a control diagram showing the
structure of the driving assistance system 5 for vehicle
according to the eighth embodiment. In the eighth embodi-
ment, the same reference numerals are assigned to units hav-
ing functions identical to those in the above-described sev-
enth embodiment, and explanations thereof will be omitted.
Therefore, the difference from the seventh embodiment will
now be explained mainly.

As shown in FIG. 72, the driving assistance system 5 for
vehicle includes the steering angle sensor 7, the laser radar 10,
the front camera 15, the vehicle speed sensor 30, the naviga-
tion system 50, the brake pedal stroke sensor 60, the turn
signal switch 65, a controller 350, the speaker 130, and the
display unit 180.

(Equation 51)
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The steering angle sensor 7 is an angle sensor mounted in
the vicinity of, for example, a steering column or a steering
wheel (not shown), which detects steering angle by steering
of the driver from rotation of a steering shaft. The detected
steering angle is output to the controller 350.

The front camera 15 is a small CCD camera, a CMOS
camera, or the like mounted on top of the front window, which
detects the traffic situation ahead as an image. The controller
350 performs image processing on an image signal received
from the front camera 15 and detects lane markings and the
like in a region in front of the vehicle. It is to be noted that the
region detected by the front camera 15 is approximately £30
deg horizontally with respect to the vehicle longitudinal cen-
terline, and the front view of the road included in the region is
loaded as an image.

The controller 350, which is an electronic control unit
constituted by a CPU and CPU peripheral components such
as a ROM and a RAM, controls the overall driving assistance
system 5 for vehicle. Based on signals received from the
steering angle sensor 7, the laser radar 10, the front camera 15,
the vehicle speed sensor 30, the navigation system 50, the
brake pedal stroke sensor 60, the turn signal switch 65, and
the like, the controller 350 analyzes driving characteristics of
the driver and carries out drive diagnosis. Then, based on the
drive diagnosis result, the controller 350 provides the driver
with information. Information provided to the driver includes
alarm to the driver, improvement suggestion of the drive
operation, and the like. Control contents of the controller 350
are described in detail later.

In the eighth embodiment, based on traveling conditions of
the vehicle and drive operation of the driver, the controller
350 carries out drive diagnosis of the driver, and, in response
to the drive diagnosis results, alerts the driver and suggests the
driver to improve the drive operation. More specifically, as
driving characteristics of the driver, the controller 350 detects
period of time (time to lane crossing) until the vehicle devi-
ates from a travel lane along which the vehicle is traveling,
and carries out drive diagnosis using the detected driving
characteristics as an index. In other words, drive diagnosis is
carried out with respect to lateral drive operation of the driver.

The behavior of the driving assistance system 5 for vehicle
according to the eighth embodiment will now be explained in
detail with reference to FIG. 73. FIG. 73 is a flow chart
illustrating the procedure of driving assistance control pro-
cessing performed by the controller 350 achieved in the
eighth embodiment. The processing is performed continu-
ously at regular intervals, e.g., for every 50 msec.

At first, traveling conditions of the vehicle are detected in
step S200. Here, as traveling conditions of the vehicle, the
controller 350 obtains velocity V of the vehicle detected by
the vehicle speed sensor 30, and vehicle separation D and
relative vehicle velocity Vr between the vehicle and the lead-
ing vehicle detected by the laser radar 10. In addition, the
controller 350 performs image processing on an image region
in front of the vehicle captured by the front camera 15, and
detects the travel lane of the vehicle.

In step S202, the controller 350 detects operating states of
the driver. Here, as operating states of the driver, the control-
ler 350 obtains brake pedal operation amount detected by the
brake pedal stroke sensor 60 and whether or not the turn
signal lever has been operated detected by the turn signal
switch 65. In addition, the controller 350 obtains steering
angle 0 detected by the steering angle sensor 7.

In step S204, the controller 350 calculates time to lane
crossing TLC used as lateral driving characteristics of the
vehicle of the driver in drive diagnosis described later. Time to
lace crossing TL.C is a physical quantity representing a period
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of time until the vehicle deviates from the travel lane along
which the vehicle is traveling, and is calculated from the
following equation (52) using lateral distance DL from the
present position of the vehicle to the lane marking and the
velocity V of the vehicle.

TLC=DL/V (Equation 52)

In step S206, a decision is made as to whether or not a
steering adjustment has been performed. More specifically,
the controller 350 determines that a steering adjustment has
been performed in the case where a steering operation has
been performed at a steering angle equal to or more than a
predetermined value from a steering operation state that has
been kept at a substantially constant steering angle. Here, the
threshold value used to determine whether or not a steering
adjustment has been performed is set in advance according to
the width of the road, the number of the lanes, and the like.
When determining whether or not a steering adjustment has
been performed, the controller 350 selects the threshold value
according to the width and the number of the travel lanes and
the like obtained by the navigation system 50 and the front
camera 15. If the controller 350 makes a decision that a
steering adjustment has been performed, the flow of control
proceeds to step S210, whilst if any steering adjustment has
not been performed, the controller 350 terminates the pro-
cessing.

In step S210, the traffic scene of the vehicle is determined.
The accuracy of drive diagnosis is improved by limiting con-
ditions to vehicle traveling conditions and operating states of
the driver, and, in order to reduce discomfort to the driver
when information is provided to the driver in response to the
drive diagnosis result, traffic scene of the vehicle is deter-
mined so that drive diagnosis is carried out solely in a par-
ticular traffic scene. More specifically, drive diagnosis is car-
ried out exclusively in a traffic scene in which steering
adjustment is performed from a state in which the vehicle is
stably traveling.

Examples of conditions of stable traveling conditions are
as follows.

(a) There is no brake operation performed by the driver
(For example, the brake pedal operation amount is substan-
tially zero)

(b) There is no turn signal lever operation performed by the
driver (For example, there is no ON signal received from the
turn signal switch 65)

(c) There is little vehicle velocity fluctuation (For example,
change in the velocity V of the vehicle is equal to or less than
+10 km/h)

(d) The above states (a) to (¢) remain (For example, for five
seconds or more)

When the conditions (a) to (d) are all satisfied, the control-
ler 350 determines that the vehicle is in a stable traveling
condition, and the flow of control proceeds to step S212 for
the controller 350 to carry out drive diagnosis. On the other
hand, in the case where any of the conditions (a) to (d) is not
satisfied, the controller 350 determines that the traffic scene
of'the vehicle does not correspond to a particular traffic scene,
does not carry out drive diagnosis, and terminates the pro-
cessing. [t is to be noted that conditions in which the control-
ler 350 determines whether or not the vehicle is in a stable
traveling condition are not limited to the above conditions (a)
to (d). In addition, another detection means may detect
whether or not the brake has been operated and whether or not
the turn signal lever has been operated.

In step S212, the travel location is determined. In step
S214, the present time is recorded. In step S216, based on the
labeling results in steps S212 and S214, the controller 350
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stores data used to carry out drive diagnosis of the driver.
Here, for example, the present time, i.e., the time at which the
vehicle traveled in the link, the travel distance, a driving
characteristic index in the link, the number of travels in the
link, and the like are written in the structure for each link 1D
so as to create traffic road database.

In the eighth embodiment, as a physical quantity represent-
ing the driving characteristics of the driver, time to lane cross-
ing TL.C when the steering adjustment is performed is used.
More specifically, the time until the vehicle deviates from the
lane marking present in the direction of steering is used.
Calculation methods of driving characteristics and driving
characteristic index will be explained in detail in drive diag-
nosis processing.

In the following step S220, the controller 100 uses the data
stored in step S216 so as to carry out drive diagnosis of the
driver. Drive diagnosis is carried out based on driving char-
acteristics of the driver when the driver performs steering
adjustment from a stable traveling condition. As driving char-
acteristics at steering adjustment, a case in which time to lane
crossing TL.C when the driver performs steering adjustment is
used is explained here as an example.

FIG. 74 presents an example of temporal change in time to
lane crossing TL.C. FIG. 75 presents an example of frequency
distribution of time to lane crossing TLC. As shown in FIG.
75, when the vehicle is in a stable traveling condition, distri-
bution of time to lane crossing TL.C usually reaches the peak
at 2.0 seconds. FIG. 76 presents an example of change in time
to lane crossing TL.C at the time of steering adjustment. As
shown in FIG. 76, time to lane crossing TLC is apt to be short
because steering adjustment is delayed when the driver is
being engaged in a loose drive operation, on the other hand,
time to lane crossing TLC is apt to be long because steering
adjustment is prompt when the driver is being engaged in a
tense drive operation.

In drive diagnosis processing, the data of each of the layer
A to the layer D of the data structure shown in FIG. 66 are
used to determine drive operation of the driver in different
time spans, i.e., in “this moment”, “this day”, and “usual”.
The drive diagnosis processing executed in step S220 will be
explained in detail with reference to the flow chart of FIG. 77.

In step S222, driving characteristic values of the driver of
“this moment” are calculated so as to carry out drive diagno-
sis of “this moment” of the driver. As driving characteristic
values of the driver, the controller 350 calculates the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
time to lane crossing TLC at the time of steering adjustment
in a predetermined period of time that defines “this moment”.
Here, the predetermined period of time that defines “this
moment” is, for example, 60 seconds, and, the mean value
Mean_x(n) and the standard deviation Stdev_x(n) of time to
lane crossing TLC are calculated using data for 60 seconds
from the past to the present detected at the time of steering
adjustment in the stable traffic scene determined in step S210.
The mean value Mean_x(n) and the standard deviation
Stdev_x(n) are calculated using equations (39) and (41),
respectively, as is the case with the seventh embodiment.

In step S224, in order to carry out drive diagnosis of “this
day” of the driver, the controller 350 calculates follow-up
characteristic values of the driver of “this day”, i.e., the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
time to lane crossing TLC at the time of steering adjustment
in a predetermined period of time which defines “this day”.
Here, the predetermined period of time that defines “this day”
is, for instance, 360 seconds, and the mean value Mean_x(n)
and the standard deviation Stdev_x(n) of time to lane crossing
TLC are calculated using data for 360 seconds from the past
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to the present detected at the time of steering adjustment in the
stable traveling condition determined in step S210.

More specifically, as is the case with “this moment”, the
equations (39) and (41) are used to calculate the mean value
Mean_x(n) and the standard deviation Stdev_x(n). Here, the
number of data K=1800, where the predetermined time for
“this day” is 360 seconds and the number of samplings is 5
Hz.

In step S226, in order to carry out drive diagnosis of
“usual” of the driver, the controller 350 calculates follow-up
characteristic values of the driver of “usual”, i.e., the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
time to lane crossing TLC at the time of steering adjustment
in a predetermined period of time which defines “usual”.
Here, the predetermined period of time that defines “usual”is,
for instance, 2160 seconds, and the mean value Mean_x(n)
and the standard deviation Stdev_x(n) of time to lane crossing
TLC are calculated using data for 2160 seconds from the past
to the present detected at the time of steering adjustment in the
stable traffic scene determined in step S210.

More specifically, as is the case with “this moment”, the
equations (39) and (41) are used to calculate the mean value
Mean_x(n) and the standard deviation Stdev_x(n). Here, the
number of data K=10800, where the predetermined time for
“usual” is 2160 seconds and the number of samplings is 5 Hz.

In processing after the following step S228, drive diagnosis
of the driver is carried out using the driving characteristic
values calculated in steps S222, S224, and S226. Here, the
driving characteristics of the driver based on data obtained in
different time spans are each compared so as to diagnose the
drive operation of the driver based on how much both of the
driving characteristics deviate. In other words, in the data
structure shown in FIG. 66, an upper layer (e.g., the layer A)
is compared with a lower layer (e.g., the layer B) so as to carry
out the drive diagnosis.

At first, in step S228, the controller 350 calculates the
degree of deviation that indicates how much the driving char-
acteristics of the driver of “this moment” deviate from those
of “this day”. Here, the degree of deviation of “this moment”
relative to “this day” indicates the difference between the
distribution of time to lane crossing TLC at the time of steer-
ing adjustment of “this day” and that of “this moment”. In
order to calculate the degree of deviation of “this moment”
relative to “this day”, the distribution of time to lane crossing
TLC at the time of steering adjustment of “this day” is used as
a reference distribution which represents a long-duration
action distribution, and the distribution of time to lane cross-
ing TLC at the time of steering adjustment of “this moment”
is used as a distribution of comparison target which represents
a short-duration action distribution.

Here, as is the case with the seventh embodiment, the
above-described equation (47) or equation (50) is used to
calculate degree of deviation Dist . In addition, degree of
deviation Dist ;,of “this moment” relative to “usual” is cal-
culated. In this case, distribution of TLC at the time of steer-
ing adjustment of “usual” is used as a reference distribution
that represents long-duration action distribution, while distri-
bution of TLC at the time of steering adjustment of “this
moment” is used as a distribution of comparison target that
represents short-duration action distribution. Then, probabil-
ity F_, (x) of cumulative distribution of “usual” and probabil-
ity F..,,,,(x) of cumulative distribution of “this moment” are
used to calculate degree of deviation Dist ;,zof “this moment”
relative to “usual” using the above-described equation (47) or
equation (50).

Thus, after the degrees of deviation Dist,, of “this
moment” relative to “this day” and “this moment” relative to
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“usual” are each calculated in step S228, the flow of control
proceeds to step S230. In step S230, as is the case with
processing executed in step S228, the degree of deviation
Dist,,-of “this day” relative to “usual” is calculated. It is to be
noted that here, the distribution of time to lane crossing TLC
at the time of steering adjustment of “usual” is used as a
reference distribution that represents long-duration action
distribution, whilst the distribution of time to lane crossing
TLC at the time of steering adjustment of “this day” is used as
a distribution of comparison target that represents short-du-
ration action distribution.

In the following step S232, as is the case with processing
executed in step S228, degree of deviation Dist,,-of “usual”
relative to “general public” is calculated. It is to be noted that
here, the distribution of time to lane crossing TL.C at the time
of steering adjustment of “general public” is used as a refer-
ence distribution that represents long-duration action distri-
bution, whilst the distribution of time to lane crossing TLC at
the time of steering adjustment of “usual” is used as a distri-
bution of comparison target that represents short-duration
action distribution. An appropriate value is set in advance as
a fixed value for the driving characteristic values of “general
public”, i.e., the mean value and the standard deviation of
time to lane crossing TL.C at the time of steering adjustment.

Thus, after drive diagnosis of the driver is carried out in
step S220 using data obtained in a plurality of different time
spans, the flow of control proceeds to step S240. It is to be
noted that for the sake of simplicity, degree of deviation
Dist,, -0 “this moment” relative to “usual” will be denoted by
Dist_la, degree of deviation Dist , -of “this moment” relative
to “this day” will be denoted by Dist_15, degree of deviation
Dist,, of “this day” relative to “usual” will be denoted by
Dist_2, and degree of deviation Dist ,-of “usual” relative to
“general public” will be denoted by Dist_3.

In step S240, the controller 350 determines whether or not
to execute alarm presentation processing based on the drive
diagnosis result in step S220. Here, a decision is made as to
whether or not degree of deviation Dist_1a of “this moment”
relative to “usual” or degree of deviation Dist_15 of “this
moment” relative to “this day” calculated in step S228 or
degree of deviation Dist_2 of “this day” relative to “usual”
calculated in step S230 is greater than a threshold value (for
instance 0.30) used to determine whether or not to execute an
alarm presentation. In the case where degree of deviation
Dist_1a, Dist_1b, or Dist_2 is greater than the threshold
value, the flow of control proceeds to step S250, and the
controller 350 performs an alarm presentation to the driver.
After performing the alarm presentation, the controller 350
terminates the processing.

For example, in the case where degree of deviation Dist_2
of “this day” relative to “usual” is greater than the threshold
value, a voice “Be aware of lane crossing” comes out of the
speaker 130 together with a beep sound. The voice informa-
tion contents are set so as to inform the driver that the driver
presently has some delay in starting a steering adjustment, or
s0 as to encourage the driver to have a stable steering opera-
tion. It is to be noted that the actual voice information is not
limited to that. In the case where degree of deviation Dist_1a
of “this moment” relative to “usual” or degree of deviation
Dist_15 of “this moment” relative to “this day” is greater than
the threshold value, too, pre-set appropriate voice informa-
tion comes out.

If a negative decision is made in step S240 and the alarm is
not presented, the flow of control proceeds to step S260 and
the controller 350 determines whether or not to execute
instruction presentation processing based on the drive diag-
nosis result in step S220. Here, a decision is made as to
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whether or not degree of deviation Dist_3 of “usual” relative
to “general public” calculated in step S232 is smaller than a
threshold value (for example, 0.07) used to determine
whether or not to present an instruction (improvement sug-
gestion). The threshold value used to determine whether or
not to present an instruction is an appropriately pre-set value
within whose range the degree of deviation of the same driver
substantially always falls. The above-described value “0.07”
has been set based on the results of experiments using a real
vehicle and 15 test objects. According to the experiment
results, the degree of deviation calculated per test object is
always equal to or less than 0.07.

If Dist_3 is smaller than the threshold value, the flow of
control proceeds to step S270, and the controller 350 presents
an instruction to the driver. After presenting the instruction,
the controller 350 terminates the processing.

For instance, as instruction presentation contents, the con-
troller 350 outputs a display and a voice that praise the drive
operation of the driver. For example, degree of deviation
Dist_3 of “usual” is converted into a score and displayed.
More specifically, a value having been obtained by reversing
the sign of degree of deviation Dist_3 and by adding 50
thereto is displayed on the display unit 180 as a score of usual
drive operation of the driver. In other words, a driver who has
some delay in steering adjustment scores 50 points or less,
whilst a good driver who is engaged in a prompt, stable
steering operation scores 50 points or more. It is to be noted
that the score is expressed in a range from 0 to 100: if a score
obtained by converting degree of deviation Dist_3 is greater
than 100, the score is 100 points, while a score obtained by
converting degree of deviation Dist_3 is smaller than 0, the
score is O points.

It is to be noted that the improvement may be suggested in
voice. Thus, a display and a voice are output so as to inform
the driver that the follow-up driving characteristics of the
driver is better than those of general public driver and encour-
age the driver to keep up the good operation or improve his
operation. In addition, a two-dimensional map shown in FIG.
71 may be used to display the drive diagnosis result.

Thus, in the eighth embodiment explained above, in addi-
tion to the advantageous effects according to the first to the
seventh embodiments described above, the following opera-
tions and advantageous effects can be achieved.

As an index to represent driving characteristics, the con-
troller 350 calculates time to lane crossing TLC until the
vehicle deviates from the travel lane when steering adjust-
ment is performed. Since time to lane crossing TLC repre-
sents the period of time until when the vehicle reaches a lane
boundary and deviates from its own lane, time to lane cross-
ing TL.C is used as an index to represent characteristics of the
driver so as to precisely carry out drive diagnosis in terms of
whether the driver is being engaged in a loose drive operation
or a tense drive operation.
<<Ninth Embodiment>>

A driving assistance system for vehicle according to the
ninth embodiment of the present invention will now be
explained. The basic structure of the driving assistance sys-
tem for vehicle according to the ninth embodiment is the same
as that of the seventh embodiment presented in FIG. 63.
Therefore, the difference from the seventh embodiment will
now be explained mainly. It is to be noted that the accelerator
pedal stroke sensor 55 may be omitted in the driving assis-
tance system for vehicle achieved in the ninth embodiment.

In the ninth embodiment, driving characteristics are
detected when the driver depresses the brake pedal from a
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state in which the vehicle is following the leading vehicle, and
drive diagnosis is carried out using the detected driving char-
acteristics as an index.

The behavior of the driving assistance system 4 for vehicle
according to the ninth embodiment will now be explained in
detail with reference to FIG. 78. FIG. 78 is a flow chart
illustrating the procedure of driving assistance control pro-
cessing performed by the controller 300 achieved in the ninth
embodiment. The processing is performed continuously at
regular intervals, e.g., for every 50 msec.

At first, traveling conditions of the vehicle are detected in
step S800. Here, as the traveling conditions of the vehicle, the
controller 350 obtains velocity V of the vehicle detected by
the vehicle speed sensor 30, and vehicle separation D and
relative vehicle velocity Vr between the vehicle and the lead-
ing vehicle detected by the laser radar 10. Operating states of
the driver are detected in step S802. Here, as the operating
states of the driver, the controller 350 obtains brake pedal
operation amount detected by the brake pedal stroke sensor
60 and whether or not the turn signal lever has been operated
detected by the turn signal switch 65. In step S804, in order to
determine traffic scene of the vehicle described later, the
above-described equations (35) and (36) are used to calculate
time to contact TTC and time headway THW between the
vehicle and the leading vehicle.

In step S806, a decision is made as to whether or not the
brake pedal is depressed. For instance, in the case where the
brake pedal operation amount is greater than zero, the con-
troller 300 makes a decision that the brake pedal is depressed.
In the case where the brake pedal is depressed, the flow of
control proceeds to step S810, while in the case where the
brake pedal is not depressed, the controller 300 terminates the
processing. It is to be noted that in explanations given below,
a state in which the brake pedal is operated by depressing it is
referred to as a brake operation time.

In step S810, traffic scene of the vehicle is determined. The
accuracy of drive diagnosis is improved by limiting condi-
tions to vehicle traveling conditions and operating states of
the driver, and, in order to reduce discomfort to the driver
when information is provided to the driver in response to the
drive diagnosis result, traffic scene of the vehicle is deter-
mined so that drive diagnosis is carried out solely in a par-
ticular traffic scene. More specifically, drive diagnosis is car-
ried out exclusively in a traffic scene in which the driver is
operating the brake pedal in a state where the vehicle is stably
following the same leading vehicle.

Examples of conditions of stable follow-up travel scenes
are as follows.

(a) The vehicle is following the same leading vehicle (For
example, the difference between the current vehicle separa-
tion and the previously measured vehicle separation is less
than 4 meters)

(b) The vehicle is not approaching rapidly (For example,
time to contact TTC is more than 10 seconds)

(¢) Time headway THW is less than a predetermined value
(For example, time headway THW is less than four seconds)

(d) There is no turn signal lever operation performed by the
driver (For example, there is no ON signal received from the
turn signal switch 65)

(e) The above states (a) to (d) remain (For example, for five
seconds or more)

When the conditions (a) to (e) are all satisfied, the control-
ler 300 determines that the traffic scene of the vehicle is a
stable follow-up travel scene, and the flow of control proceeds
to step S812 for the controller 300 to carry out drive diagno-
sis. On the other hand, in the case where any of the conditions
(a)to (e) is not satisfied, the controller 300 determines that the
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traffic scene of the vehicle does not correspond to a particular
traffic scene, does not carry out drive diagnosis, and termi-
nates the processing. It is to be noted that conditions in which
the controller 300 determines whether or not the traffic scene
of'the vehicle is a stable follow-up travel scene are not limited
to the above conditions (a) to (e). In addition, another detec-
tion means may detect whether or not the brake has been
operated and whether or not the turn signal lever has been
operated.

In step S812, travel location is determined. In step S814,
the present time is recorded. In step S816, based on the
labeling results in steps S812 and S814, the controller 300
stores data used to carry out drive diagnosis of the driver.
Here, for example, the present time, i.e., the time at which the
vehicle traveled in the link, the travel distance, a driving
characteristic index in the link, the number of travels in the
link, and the like are written in the structure for each link 1D
so as to create traffic road database. In the ninth embodiment,
the minimum value of time to contact TTC (minimum time to
contact) calculated at the time of brake operation is used as a
physical quantity that represents driving characteristics of the
driver.

In the following step S820, the data stored in step S816 are
used to carry out drive diagnosis of the driver. Drive diagnosis
is carried out based on driving characteristics of the driver
when the driver is depressing the brake pedal in a stable
follow-up travel. Driving characteristics at the time of brake
operation include time headway THW of the vehicle and the
leading vehicle, inverse of time headway 1/THW, vehicle
separation D, inverse of vehicle separation, and so on. Here,
a case in which the minimum time to contact TTC when the
driver is depressing the brake pedal is used is explained as an
example.

In drive diagnosis processing, the data of each of the layer
A to the layer D of the data structure shown in FIG. 66 are
used to determine drive operation of the driver in different
time spans, i.e., in “this moment”, “this day”, and “usual”.
The drive diagnosis processing executed in step S820 will be
explained in detail with reference to the flow chart of FIG. 79.

In step S822, driving characteristic values of the driver of
“this moment” are calculated so as to carry out drive diagno-
sis of “this moment” of the driver. As driving characteristic
values of the driver, the controller 300 calculates the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
the minimum time to contact TTC at the time of brake opera-
tion in a predetermined period of time that defines “this
moment”. Here, the predetermined period of time that defines
“this moment” is, for example, 60 seconds, and, the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
the minimum time to contact TTC are calculated using data
for 60 seconds from the past to the present detected at the time
of brake operation in the stable follow-up traveling condition
determined in step S810. The mean value Mean_x(n) and the
standard deviation Stdev_x(n) are calculated using equations
(39) and (41), respectively, as is the case with the seventh
embodiment.

In step S824, in order to carry out drive diagnosis of “this
day” of the driver, the controller 300 calculates driving char-
acteristic values of the driver of “this day”, i.e., the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
the minimum time to contact TTC at the time of brake opera-
tion in a predetermined period of time which defines “this
day”. Here, the predetermined period of time that defines
“this day” is, for instance, 360 seconds, and the mean value
Mean_x(n) and the standard deviation Stdev_x(n) of the
minimum time to contact TTC are calculated using data for
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360 seconds from the past to the present detected at the time
of brake operation in the stable follow-up traveling condition
determined in step S810.

More specifically, as is the case with “this moment”, the
equations (39) and (41) are used to calculate the mean value
Mean_x(n) and the standard deviation Stdev_x(n). Here, the
number of data K=1800, where the predetermined time for
“this day” is 360 seconds and the number of samplings is 5
Hz.

In step S826, in order to carry out drive diagnosis of
“usual” of the driver, the controller 300 calculates follow-up
characteristic values of the driver of “usual”, i.e., the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
the minimum time to contact TTC at the time of brake opera-
tion in a predetermined period of time which defines “usual”.
Here, the predetermined period of time that defines “usual”is,
for instance, 2160 seconds, and the mean value Mean_x(n)
and the standard deviation Stdev_x(n) of the minimum time
to contact TTC are calculated using data for 2160 seconds
from the past to the present detected at the time of brake
operation in the stable follow-up travel scene determined in
step S810.

More specifically, as is the case with “this moment”, the
equations (39) and (41) are used to calculate the mean value
Mean_x(n) and the standard deviation Stdev_x(n). Here, the
number of data K=10800, where the predetermined time for
“usual” is 2160 seconds and the number of samplings is 5 Hz.

Inprocessing after the following step S828, drive diagnosis
of the driver is carried out using the driving characteristic
values calculated in steps S822, S824, and S826. Here, the
driving characteristics of the driver based on data obtained in
different time spans are each compared so as to diagnose the
drive operation of the driver based on how much both of the
driving characteristics deviate. In other words, in the data
structure shown in FIG. 66, an upper layer (e.g., the layer A)
is compared with a lower layer (e.g., the layer B) so as to carry
out the drive diagnosis.

At first, in step S828, the controller 300 calculates the
degree of deviation that indicates how much the driving char-
acteristics of the driver of “this moment” deviate from those
of “this day”. Here, the degree of deviation of “this moment”
relative to “this day” indicates the difference between the
distribution of the minimum time to contact TTC at the time
of'brake operation of “this day” and that of “this moment™. In
order to calculate the degree of deviation of “this moment”
relative to “this day”, the distribution of the minimum time to
contact TTC at the time of brake operation of “this day” is
used as a reference distribution which represents a long-
duration action distribution, and the distribution of the mini-
mum time to contact TTC at the time of brake operation of
“this moment” is used as a distribution of comparison target
which represents a short-duration action distribution.

Here, as is the case with the seventh embodiment, the
above-described equation (47) or equation (50) is used to
calculate degree of deviation Dist . In addition, degree of
deviation Dist,,of “this moment” relative to “usual” is cal-
culated. In this case, distribution of the minimum time to
contact TTC at the time of brake operation of “usual” is used
as a reference distribution that represents long-duration
action distribution, while distribution of the minimum time to
contact TTC at the time of brake operation of “this moment”
is used as a distribution of comparison target that represents
short-duration action distribution. Then, probability F , (x) of
cumulative distribution of “usual” and probability F,.,,,,.(x) of
cumulative distribution of “this moment” are used to calcu-
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late degree of deviation Dist,,of “this moment” relative to
“usual” using the above-described equation (47) or equation
(50).

Thus, after the degrees of deviation Dist,, of “this
moment” relative to “this day” and “this moment” relative to
“usual” are each calculated in step S828, the flow of control
proceeds to step S830. In step S830, as is the case with
processing executed in step S828, the degree of deviation
Dist,,-of “this day” relative to “usual” is calculated. It is to be
noted that here, the distribution of the minimum time to
contact TTC at the time of brake operation of “usual” is used
as a reference distribution that represents long-duration
action distribution, whilst the distribution of the minimum
time to contact TTC at the time of brake operation of “this
day” is used as a distribution of comparison target that rep-
resents short-duration action distribution.

In the following step S832, as is the case with processing
executed in step S828, degree of deviation Dist,,-of “usual”
relative to “general public” is calculated. It is to be noted that
here, the distribution of the minimum time to contact TTC at
the time of brake operation of “general public” is used as a
reference distribution that represents long-duration action
distribution, whilst the distribution of the minimum time to
contact TTC at the time of brake operation of “usual” is used
as a distribution of comparison target that represents short-
duration action distribution. An appropriate value is set in
advance as a fixed value for the driving characteristic values
of “general public”, i.e., the mean value and the standard
deviation of the minimum time to contact TTC at the time of
brake operation.

Thus, after drive diagnosis of the driver is carried out in
step S820 using data obtained in a plurality of different time
spans, the flow of control proceeds to step S840. It is to be
noted that for the sake of simplicity, degree of deviation
Dist,,zof “this moment” relative to “usual” will be denoted by
Dist_1a, degree of deviation Dist ;;0f “this moment” relative
to “this day” will be denoted by Dist_15, degree of deviation
Dist,, of “this day” relative to “usual” will be denoted by
Dist_2, and degree of deviation Dist ,-of “usual” relative to
“general public” will be denoted by Dist_3.

In step S840, the controller 300 determines whether or not
to execute alarm presentation processing based on the drive
diagnosis result in step S820. Here, a decision is made as to
whether or not degree of deviation Dist_1a of “this moment™
relative to “usual” or degree of deviation Dist_15 of “this
moment” relative to “this day” calculated in step S828 or
degree of deviation Dist_2 of “this day” relative to “usual”
calculated in step S830 is greater than a threshold value (for
instance 0.30) used to determine whether or not to execute an
alarm presentation. In the case where degree of deviation
Dist_1 or Dist_2 is greater than the threshold value, the flow
of control proceeds to step S850, and the controller 300
performs an alarm presentation to the driver. After perform-
ing the alarm presentation, the controller 300 terminates the
processing.

For example, in the case where degree of deviation Dist_2
of “this day” relative to “usual” is greater than the threshold
value, a voice “You have some delay in your brake operation”
comes out of the speaker 130 together with a beep sound. The
voice information contents are set so as to inform the driver
that the driver presently has some delay in the brake pedal
operation, or so as to encourage the driver to have a swift
brake operation. It is to be noted that the actual voice infor-
mation is not limited to that. In the case where degree of
deviation Dist_1a of “this moment” relative to “usual” or
degree of deviation Dist_15 of “this moment” relative to “this
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day” is greater than the threshold value, too, pre-set appro-
priate voice information comes out.

If a negative decision is made in step S840 and the alarm is
not presented, the flow of control proceeds to step S860 and
the controller 300 determines whether or not to execute
instruction presentation processing based on the drive diag-
nosis result in step S820. Here, a decision is made as to
whether or not degree of deviation Dist_3 of “usual” relative
to “general public” calculated in step S832 is smaller than a
threshold value (for example, 0.07) used to determine
whether or not to present an instruction (improvement sug-
gestion).

If Dist_3 is smaller than the threshold value, the flow of
control proceeds to step S870, and the controller 300 presents
an instruction to the driver. After presenting the instruction,
the controller 300 terminates the processing. For instance, as
instruction presentation contents, the controller 300 outputs a
display and a voice that praise the drive operation of the
driver. For example, degree of deviation Dist_3 of “usual” is
converted into a score and displayed. More specifically, a
value having been obtained by reversing the sign of degree of
deviation Dist_3 and by adding 50 thereto is displayed on the
display unit 180 as a score of usual drive operation of the
driver. In other words, a driver who has some delay in brake
operation scores 50 points or less, whilst a good driver who is
engaged in a prompt, stable brake operation scores 50 points
or more. It is to be noted that the score is expressed in a range
from 0 to 100: if a score obtained by converting degree of
deviation Dist_3 is greater than 100, the score displayed is
100 points, while a score obtained by converting degree of
deviation Dist_3 is smaller than 0, the score displayed is 0
points.

It is to be noted that the improvement may be suggested in
voice. Thus, the controller 300 outputs a display and a voice
s0 as to inform the driver that the follow-up driving charac-
teristics of the driver is better than those of general public
driver and encourage the driver to keep up the good operation
or improve his operation. In addition, a two-dimensional map
shown in FIG. 71 may be used to display the drive diagnosis
result.

Thus, in the ninth embodiment explained above, in addi-
tion to the advantageous effects according to the first to the
eighth embodiments described above, the following opera-
tions and advantageous effects can be achieved.

As an index to represent driving characteristics, the con-
troller 300 uses the minimum value of time to contact TTC of
the vehicle and the leading vehicle at the time when the brake
operation is performed. Time to contact TTC represents
period of time until the vehicle and the leading vehicle contact
together when the velocity V of the vehicle and the relative
vehicle velocity Vr are constant. By figuring out to what
extent time to contact TTC is reduced in the case where the
driver performs brake operation from a state in which the
vehicle is following the leading vehicle and using the same as
an index indicating characteristics of the driver, accurate
drive diagnosis is carried out with respect to the case in which
brake operation is performed in a follow-up travel scene.
<<Tenth Embodiment>>

A driving assistance system for vehicle according to the
tenth embodiment of the present invention will now be
explained. The basic structure of the driving assistance sys-
tem for vehicle according to the tenth embodiment is the same
as that of the seventh embodiment presented in FIG. 63.
Therefore, the difference from the seventh embodiment will
now be explained mainly. It is to be noted that the accelerator
pedal stroke sensor 55 may be omitted in the driving assis-
tance system for vehicle achieved in the tenth embodiment.
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In the tenth embodiment, driving characteristics when the
vehicle passes the leading vehicle are detected, and drive
diagnosis is carried out using the detected driving character-
istics as an index.

The behavior of the driving assistance system 4 for vehicle
according to the tenth embodiment will now be explained in
detail with reference to FIG. 80. FIG. 80 is a flow chart
illustrating the procedure of driving assistance control pro-
cessing performed by the controller 300 achieved in the tenth
embodiment. The processing is performed continuously at
regular intervals, e.g., for every 50 msec.

Atfirst, in step S900, traveling conditions of the vehicle are
detected. Here, as the traveling conditions of the vehicle, the
controller 300 obtains velocity V of the vehicle detected by
the vehicle speed sensor 30, and vehicle separation D and
relative vehicle velocity Vr between the vehicle and the lead-
ing vehicle detected by the laser radar 10. In addition, infor-
mation of the road along which the vehicle travels is obtained
from the navigation system 50. In step S902, operating states
of the driver are detected. Here, as the operating states of the
driver, the controller 300 obtains brake pedal operation
amount detected by the brake pedal stroke sensor 60, and
whether or not the turn signal lever has been operated
detected by the turn signal switch 65. In step S904, in order to
determine traffic scene of the vehicle described later, the
controller 300 uses the above-described equations (35) and
(36) so as to calculate time to contact TTC and time headway
THW of the vehicle and leading vehicle ahead.

In step S906, a decision is made as to whether or not the
vehicle is being engaged in a passing operation. More spe-
cifically, a decision is made as to whether or not the vehicle is
in a state where the turn signal lever is operated, and the
vehicle is accelerating and passing a front obstacle when the
vehicle is traveling along a road with two or more lanes each
way. For instance, it is detected from road information
obtained from the navigation system 50 that the vehicle is
traveling along a road with two or more lanes each way, and,
in the case where the turn signal lever is operated, the con-
troller 300 makes a decision that the vehicle is being engaged
in a passing operation. In the case where the vehicle is being
engaged in a passing operation, the flow of control proceeds
to step S910, while in the case where the vehicle is not being
engaged in a passing operation, the controller 300 terminates
the processing.

In step S910, the traffic scene of the vehicle is determined.
The accuracy of drive diagnosis is improved by limiting con-
ditions to vehicle traveling conditions and operating states of
the driver, and, in order to reduce discomfort to the driver
when information is provided to the driver in response to the
drive diagnosis result, traffic scene of the vehicle is deter-
mined so that drive diagnosis is carried out solely in a par-
ticular traffic scene. More specifically, drive diagnosis is car-
ried out exclusively in a traffic scene in which passing
operation is performed from a state in which the vehicle is
stably following the same leading vehicle.

Examples of conditions of stable follow-up travel scenes
are as follows.

(a) The vehicle is following the same leading vehicle (For
example, the difference between the current vehicle separa-
tion and the previously measured vehicle separation is less
than 4 meters)

(b) The vehicle is not approaching rapidly (For example,
time to contact TTC is more than 10 seconds)

(c) Time headway THW is less than a predetermined value
(For example, time headway THW is less than four seconds)
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(d) There is no brake operation performed by the driver
(For example, the brake pedal operation amount is substan-
tially zero)

(e) The above states (a) to (d) remain (For example, for five
seconds or more)

When the conditions (a) to (e) are all satisfied, the control-
ler 300 determines that the traffic scene of the vehicle is a
stable follow-up travel scene, and the flow of control proceeds
to step S912 for the controller 300 to carry out drive diagno-
sis. On the other hand, in the case where any of the conditions
(a)to (e) is not satisfied, the controller 300 determines that the
traffic scene of the vehicle does not correspond to a particular
traffic scene, does not carry out drive diagnosis, and termi-
nates the processing. It is to be noted that conditions in which
the controller 300 determines whether or not the traffic scene
of'the vehicle is a stable follow-up travel scene are not limited
to the above conditions (a) to (e). In addition, another detec-
tion means may detect whether or not the brake has been
operated and whether or not the turn signal lever has been
operated.

In step S912, travel location is determined. In step S914,
the present time is recorded. In step S916, based on the
labeling results in steps S912 and S914, the controller 300
stores data used to carry out drive diagnosis of the driver.
Here, for example, the present time, i.e., the time at which the
vehicle traveled in the link, the travel distance, a driving
characteristic index in the link, the number of travels in the
link, and the like are written in the structure for each link 1D
so as to create traffic road database. In the tenth embodiment,
the minimum value of vehicle separation D (minimum
vehicle separation) detected at the time of passing operation is
used as a physical quantity that represents driving character-
istics of the driver.

In the following step S920, the data stored in step S916 are
used to carry out drive diagnosis of the driver. Drive diagnosis
is carried out based on driving characteristics of the driver
when the driver is passing the leading vehicle in a stable
follow-up travel. Driving characteristics at the time of passing
include time headway THW of the vehicle and the leading
vehicle, inverse of time headway 1/THW, vehicle separation
D, inverse of vehicle separation, and so on. Here, a case in
which the minimum vehicle separation D when the driver is
passing the leading vehicle is used is explained as an example.
More specifically, the controller 300 uses a vehicle separation
between the vehicle and the leading vehicle that is present in
the lane in which the vehicle has been traveling before a lane
change. It is to be noted that the controller 300 may use a
vehicle separation between the vehicle and the leading
vehicle that is traveling in the lane in which the vehicle is
traveling after a lane change.

In drive diagnosis processing, the data of each of the layer
A to the layer D of the data structure shown in FIG. 66 are
used to determine drive operation of the driver in different
time spans, i.e., in “this moment”, “this day”, and “usual”.
The drive diagnosis processing executed in step S920 will be
explained in detail with reference to the flow chart of FIG. 81.

In step 8922, driving characteristic values of the driver of
“this moment” are calculated so as to carry out drive diagno-
sis of “this moment” of the driver. As driving characteristic
values of the driver, the controller 300 calculates the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
the minimum vehicle separation D at the time of passing in a
predetermined period of time that defines “this moment”.
Here, the predetermined period of time that defines “this
moment” is, for example, 60 seconds, and, the mean value
Mean_x(n) and the standard deviation Stdev_x(n) of the
minimum vehicle separation D are calculated using data for
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60 seconds from the past to the present detected at the time of
passing in the stable follow-up traveling condition deter-
mined in step S910. The mean value Mean_x(n) and the
standard deviation Stdev_x(n) are calculated using equations
(39) and (41), respectively, as is the case with the seventh
embodiment.

In step S924, in order to carry out drive diagnosis of “this
day” of the driver, the controller 300 calculates driving char-
acteristic values of the driver of “this day”, i.e., the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
the minimum vehicle separation D at the time of passing in a
predetermined period of time which defines “this day”. Here,
the predetermined period of time that defines “this day” is, for
instance, 360 seconds, and the mean value Mean_x(n) and the
standard deviation Stdev_x(n) of the minimum vehicle sepa-
ration D are calculated using data for 360 seconds from the
past to the present detected at the time of passing in the stable
follow-up traveling condition determined in step S910.

More specifically, as is the case with “this moment”, the
equations (39) and (41) are used to calculate the mean value
Mean_x(n) and the standard deviation Stdev_x(n). Here, the
number of data K=1800, where the predetermined time for
“this day” is 360 seconds and the number of samplings is 5
Hz.

In step S926, in order to carry out drive diagnosis of
“usual” of the driver, the controller 300 calculates follow-up
characteristic values of the driver of “usual”, i.e., the mean
value Mean_x(n) and the standard deviation Stdev_x(n) of
the minimum vehicle separation D at the time of passing in a
predetermined period of time which defines “usual”. Here,
the predetermined period of time that defines “usual” is, for
instance, 2160 seconds, and the mean value Mean_x(n) and
the standard deviation Stdev_x(n) of the minimum vehicle
separation D are calculated using data for 2160 seconds from
the past to the present detected at the time of passing in the
stable follow-up travel scene determined in step S910.

More specifically, as is the case with “this moment”, the
equations (39) and (41) are used to calculate the mean value
Mean_x(n) and the standard deviation Stdev_x(n). Here, the
number of data K=10800, where the predetermined time for
“usual” is 2160 seconds and the number of samplings is 5 Hz.

In processing after the following step S928, drive diagnosis
of the driver is carried out using the driving characteristic
values calculated in steps S922, S924, and S926. Here, the
driving characteristics of the driver based on data obtained in
different time spans are each compared so as to diagnose the
drive operation of the driver based on how much both of the
driving characteristics deviate. In other words, in the data
structure shown in FIG. 66, an upper layer (e.g., the layer A)
is compared with a lower layer (e.g., the layer B) so as to carry
out the drive diagnosis.

At first, in step S928, the controller 300 calculates the
degree of deviation that indicates how much the driving char-
acteristics of the driver of “this moment” deviate from those
of “this day”. Here, the degree of deviation of “this moment”
relative to “this day” indicates the difference between the
distribution of the minimum vehicle separation D at the time
of'passing of “this day” and that of “this moment”. In order to
calculate the degree of deviation of “this moment” relative to
“this day”, the distribution of the minimum vehicle separation
D at the time of passing of “this day” is used as a reference
distribution which represents a long-duration action distribu-
tion, and the distribution of the minimum vehicle separation
D at the time of passing of “this moment” is used as a distri-
bution of comparison target which represents a short-duration
action distribution.
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Here, as is the case with the seventh embodiment, the
above-described equation (47) or equation (50) is used to
calculate degree of deviation Dist . In addition, degree of
deviation Dist,of “this moment” relative to *“usual” is cal-
culated. In this case, distribution of the minimum vehicle
separation D at the time of passing of “usual” is used as a
reference distribution that represents long-duration action
distribution, while distribution of the minimum vehicle sepa-
ration D at the time of passing of “this moment” is used as a
distribution of comparison target that represents short-dura-
tion action distribution. Then, probability F, (x) of cumula-
tive distribution of “usual” and probability F,.,,,,(x) of cumu-
lative distribution of “this moment” are used to calculate
degree of deviation Dist,, of “this moment” relative to
“usual” using the above-described equation (47) or equation
(50).

Thus, after the degrees of deviation Dist,, of “this
moment” relative to “this day” and “this moment” relative to
“usual” are each calculated in step S928, the flow of control
proceeds to step S930. In step S930, as is the case with
processing executed in step S928, the degree of deviation
Dist,,-of “this day” relative to “usual” is calculated. It is to be
noted that here, the distribution of the minimum vehicle sepa-
ration D at the time of passing of “usual” is used as a reference
distribution that represents long-duration action distribution,
whilst the distribution of the minimum vehicle separation D at
the time of passing of “this day” is used as a distribution of
comparison target that represents short-duration action dis-
tribution.

In the following step S932, as is the case with processing
executed in step S928, degree of deviation Dist,,-of “usual”
relative to “general public” is calculated. It is to be noted that
here, the distribution of the minimum vehicle separation D at
the time of passing of “general public” is used as a reference
distribution that represents long-duration action distribution,
whilst the distribution of the minimum vehicle separation D at
the time of passing of “usual” is used as a distribution of
comparison target that represents short-duration action dis-
tribution. An appropriate value is set in advance as a fixed
value for the driving characteristic values of “general public”,
i.e., the mean value and the standard deviation of the mini-
mum vehicle separation D at the time of passing.

Thus, after drive diagnosis of the driver is carried out in
step S920 using data obtained in a plurality of different time
spans, the flow of control proceeds to step S940. It is to be
noted that for the sake of simplicity, degree of deviation
Dist,, ;of “this moment” relative to “usual” will be denoted by
Dist_1a, degree of deviation Dist ;of “this moment” relative
to “this day” will be denoted by Dist_15, degree of deviation
Dist,,, of “this day” relative to *“usual” will be denoted by
Dist_2, and degree of deviation Dist,,of “usual” relative to
“general public” will be denoted by Dist_3.

In step S940, the controller 300 determines whether or not
to execute alarm presentation processing based on the drive
diagnosis result in step S920. Here, a decision is made as to
whether or not degree of deviation Dist_1a of “this moment”
relative to “usual” or degree of deviation Dist_15 of “this
moment” relative to “this day” calculated in step S928 or
degree of deviation Dist_2 of “this day” relative to “usual”
calculated in step S930 is greater than a threshold value (for
instance 0.30) used to determine whether or not to execute an
alarm presentation. In the case where degree of deviation
Dist_1a, Dist_1b, or Dist_2 is greater than the threshold
value, the flow of control proceeds to step S950, and the
controller 300 performs an alarm presentation to the driver.
After performing the alarm presentation, the controller 300
terminates the processing.
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For example, in the case where degree of deviation Dist_2
of “this day” relative to “usual” is greater than the threshold
value, a voice “You are apt to get too close to the leading
vehicle ahead at the time of passing” comes out of the speaker
130 together with a beep sound. The voice information con-
tents are set so as to inform the driver that the vehicle is apt to
get too close to the leading vehicle ahead at the time of
passing it, and so as to encourage the driver to have a vehicle
separation longer than that at the time of passing. It is to be
noted that the actual voice information is not limited to that. In
the case where degree of deviation Dist_1a of “this moment™
relative to “usual” or degree of deviation Dist_15 of “this
moment” relative to “this day” is greater than the threshold
value, too, pre-set appropriate voice information comes out.

It a negative decision is made in step S940 and the alarm is
not presented, the flow of control proceeds to step S960 and
the controller 300 determines whether or not to execute
instruction presentation processing based on the drive diag-
nosis result in step S920. Here, a decision is made as to
whether or not degree of deviation Dist_3 of “usual” relative
to “general public” calculated in step S932 is smaller than a
threshold value (for example, 0.07) used to determine
whether or not to present an instruction (improvement sug-
gestion).

If Dist_3 is smaller than the threshold value, the flow of
control proceeds to step S970, and the controller 300 presents
an instruction to the driver. After presenting the instruction,
the controller 300 terminates the processing. For instance, as
instruction presentation contents, the controller 300 outputs a
display and a voice that praise the drive operation of the
driver. For example, degree of deviation Dist_3 of “usual” is
converted into a score and displayed. More specifically, a
value having been obtained by reversing the sign of degree of
deviation Dist_3 and by adding 50 thereto is displayed on the
display unit 180 as a score of usual drive operation of the
driver. In other words, a driver who is apt to get too close to the
leading vehicle ahead at the time of passing scores 50 points
or less, whilst a good driver who is engaged in a safe passing
operation scores 50 points or more. It is to be noted that the
score is expressed in a range from 0 to 100: if a score obtained
by converting degree of deviation Dist_3 is greater than 100,
the score displayed is 100 points, while a score obtained by
converting degree of deviation Dist_3 is smaller than 0, the
score displayed is O points.

It is to be noted that the improvement may be suggested in
voice. Thus, the controller 300 outputs a display and a voice
s0 as to inform the driver that the follow-up driving charac-
teristics of the driver is better than those of general public
driver and encourage the driver to keep up the good operation
or improve his operation. In addition, a two-dimensional map
shown in FIG. 71 may be used to display the drive diagnosis
result.

Thus, in the tenth embodiment explained above, in addition
to the advantageous effects according to the first to the ninth
embodiments described above, the following operations and
advantageous effects can be achieved.

As an index to represent driving characteristics, the con-
troller 300 uses the minimum value of vehicle separation D
between the vehicle and the leading vehicle at the time of the
passing. As an index to represent characteristics of the driver,
the controller 300 uses the degree to which the vehicle is
getting close to the leading vehicle when the driver operates
the turn signal switch and intentionally passes the leading
vehicle. This allows drive diagnosis to be accurately carried
out in a passing scene.
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<<Eleventh Embodiment>>

A driving assistance system for vehicle according to the
eleventh embodiment of the present invention will now be
explained. The basic structure of the driving assistance sys-
tem for vehicle according to the eleventh embodiment is the
same as that of the seventh embodiment presented in FIG. 63.
Therefore, the difference from the seventh embodiment will
now be explained mainly.

In the eleventh embodiment, driving characteristics are
detected in a state where the vehicle is being engaged in a
stable, single travel, and drive diagnosis is carried out using
the detected driving characteristics as an index.

The behavior of the driving assistance system 4 for vehicle
according to the eleventh embodiment will now be explained
in detail with reference to FIG. 82. FIG. 82 is a flow chart
illustrating the procedure of driving assistance control pro-
cessing performed by the controller 300 achieved in the elev-
enth embodiment. The processing is performed continuously
at regular intervals, e.g., for every 50 msec.

At first, in step S300, traveling conditions of the vehicle are
detected. Here, as the traveling conditions of the vehicle, the
controller 300 obtains velocity V of the vehicle detected by
the vehicle speed sensor 30 and the presence of a leading
vehicle detected by the laser radar 10. In step S305, operating
states of the driver are detected. Here, as the operating states
of the driver, the controller 300 obtains accelerator pedal
operation amount detected by the accelerator pedal stroke
sensor 55, brake pedal operation amount detected by the
brake pedal stroke sensor 60, and whether or not the turn
signal lever has been operated detected by the turn signal
switch 65.

In step S306, the controller 300 obtains the state of the road
along which the vehicle travels. More specifically, as param-
eters that represent traffic road state, the controller 300
obtains from the navigation system 50 information such as
road category (high-standard highway or public road) of the
road along which the vehicle travels and velocity limit of the
road along which the vehicle is traveling at present.

In step S310, the traffic scene of the vehicle is determined.
The accuracy of drive diagnosis is improved by limiting con-
ditions to vehicle traveling conditions and operating states of
the driver, and, in order to reduce discomfort to the driver
when information is provided to the driver in response to the
drive diagnosis result, traffic scene of the vehicle is deter-
mined so that drive diagnosis is carried out solely in a par-
ticular traffic scene. More specifically, drive diagnosis is car-
ried out exclusively in a traffic scene in which the vehicle is
being stably engaged in a single travel.

Examples of conditions of stable, single traveling condi-
tions are as follows.

(a) There is no leading vehicle in the detection region of the
laser radar 10

(b) The vehicle is traveling along a road of the same cat-
egory

(¢) The vehicle is traveling under the same velocity limit

(d) There is no major accelerator pedal operation nor brake
pedal operation performed by the driver (For example, opera-
tion amount is less than 30% relative to the full operation
amount)

(e) There is no turn signal lever operation performed by the
driver (For example, there is no ON signal received from the
turn signal switch 65)

() The above states (a) to (e) remain (For example, for five
seconds or more)

When the conditions (a) to (f) are all satisfied, the control-
ler 300 determines that the vehicle is in a stable single trav-
eling condition, and the flow of control proceeds to step S312
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for the controller 300 to carry out drive diagnosis. On the
other hand, in the case where any of the conditions (a) to (f) is
not satisfied, the controller 300 determines that the traffic
scene of the vehicle does not correspond to a particular traffic
scene, does not carry out drive diagnosis, and terminates the
processing. It is to be noted that conditions in which the
controller 300 determines whether or not the vehicle is in a
stable single traveling condition are not limited to the above
conditions (a) to (f). In addition, another detection means may
detect whether or not the brake has been operated and whether
or not the turn signal lever has been operated.

In step S312, travel location is determined. In step S314,
the present time is recorded. In step S316, based on the
labeling results in steps S312 and S314, the controller 300
stores data used to carry out drive diagnosis of the driver.
Here, for example, the present time, i.e., the time at which the
vehicle traveled in the link, the travel distance, a driving
characteristic index in the link, the number of travels in the
link, and the like are written in the structure for each link 1D
so as to create traffic road database. In the eleventh embodi-
ment, velocity V of the vehicle detected at the time of single
traveling is used as a physical quantity that represents driving
characteristics of the driver.

In the following step S320, the data stored in step S316 are
used to carry out drive diagnosis of the driver. Drive diagnosis
is carried out based on vehicle velocity characteristics in a
stable, single traveling condition. In drive diagnosis process-
ing, the data of each of the layer A to the layer D of the data
structure shown in FIG. 66 are used to determine drive opera-
tion of the driver in different time spans, i.e., in “this
moment”, “this day”, and “usual”. The drive diagnosis pro-
cessing executed in step S320 will be explained in detail with
reference to the flow chart of FIG. 83.

In step S322, single traveling vehicle velocity characteris-
tic values of the driver of “this moment” are calculated so as
to carry out drive diagnosis of “this moment” of the driver. As
vehicle velocity characteristic values of the driver, the con-
troller 300 calculates the mean value Mean_x(n) and the
standard deviation Stdev_x(n) of the velocity V of the vehicle
in a predetermined period of time that defines “this moment”.
Here, the predetermined period of time that defines “this
moment” is, for example, 60 seconds, and, the mean value
Mean_x(n) and the standard deviation Stdev_x(n) of the
velocity V of the vehicle are calculated using data for 60
seconds from the past to the present detected in the stable
single traveling condition determined in step S310. The mean
value Mean_x(n) and the standard deviation Stdev_x(n) are
calculated using equations (39) and (41), respectively, as is
the case with the seventh embodiment.

In step S324, in order to carry out drive diagnosis of “this
day” of the driver, the controller 300 calculates single travel-
ing vehicle velocity characteristic values of the driver of “this
day”, i.e., the mean value Mean_x(n) and the standard devia-
tion Stdev_x(n) of the velocity V of the vehicle in a predeter-
mined period of time which defines “this day”. Here, the
predetermined period of time that defines “this day” is, for
instance, 360 seconds, and the mean value Mean_x(n) and the
standard deviation Stdev_x(n) of the velocity V of the vehicle
are calculated using data for 360 seconds from the past to the
present detected in the stable single traveling condition deter-
mined in step S310.

More specifically, as is the case with “this moment”, the
equations (39) and (41) are used to calculate the mean value
Mean_x(n) and the standard deviation Stdev_x(n). Here, the
number of data K=1800, where the predetermined time for
“this day” is 360 seconds and the number of samplings is 5
Hz.
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In step S326, in order to carry out drive diagnosis of
“usual” of the driver, the controller 300 calculates single
traveling vehicle velocity characteristic values ofthe driver of
“usual”, i.e., the mean value Mean_x(n) and the standard
deviation Stdev_x(n) of the velocity V of the vehicle in a
predetermined period of time which defines “usual”. Here,
the predetermined period of time that defines “usual” is, for
instance, 2160 seconds, and the mean value Mean_x(n) and
the standard deviation Stdev_x(n) of the velocity V of the
vehicle are calculated using data for 2160 seconds from the
past to the present detected in the stable single traveling
condition determined in step S310.

More specifically, as is the case with “this moment”, the
equations (39) and (41) are used to calculate the mean value
Mean_x(n) and the standard deviation Stdev_x(n). Here, the
number of data K=10800, where the predetermined time for
“usual” is 2160 seconds and the number of samplings is 5 Hz.

Inprocessing after the following step S328, drive diagnosis
of the driver is carried out using the driving characteristic
values calculated in steps S322, S324, and S326. Here, the
driving characteristics of the driver based on data obtained in
different time spans are each compared so as to diagnose the
drive operation of the driver based on how much both of the
driving characteristics deviate. In other words, in the data
structure shown in FIG. 66, an upper layer (e.g., the layer A)
is compared with a lower layer (e.g., the layer B) so as to carry
out the drive diagnosis.

At first, in step S328, the controller 300 calculates the
degree of deviation that indicates how much the driving char-
acteristics of the driver of “this moment” deviate from those
of “this day”. Here, the degree of deviation of “this moment”
relative to “this day” indicates the difference between the
distribution of the velocity V of the vehicle of “this day” and
that of “this moment”. In order to calculate the degree of
deviation of “this moment” relative to “this day”, the distri-
bution of the velocity V of the vehicle of “this day” is used as
a reference distribution which represents a long-duration
action distribution, and the distribution of the velocity V of
the vehicle of “this moment” is used as a distribution of
comparison target which represents a short-duration action
distribution. Here, as is the case with the seventh embodi-
ment, the above-described equation (47) or equation (50) is
used to calculate degree of deviation Dist,

Thus, after the degrees of deviation Dist,, of “this
moment” relative to “this day” and “this moment” relative to
“usual” are each calculated in step S328, the flow of control
proceeds to step S330. In step S330, as is the case with
processing executed in step S328, the degree of deviation
Dist,,-of “this day” relative to “usual” is calculated. It is to be
noted that here, the distribution of the velocity V of the
vehicle of “usual” is used as a reference distribution that
represents long-duration action distribution, whilst the distri-
bution of the velocity V of the vehicle of “this day” is used as
a distribution of comparison target that represents short-du-
ration action distribution.

In the following step S332, as is the case with processing
executed in step S328, degree of deviation Dist,,-of “usual”
relative to “general public” is calculated. It is to be noted that
here, the distribution of the velocity V of the vehicle of “gen-
eral public” is used as a reference distribution that represents
long-duration action distribution, whilst the distribution of
the velocity V of the vehicle of “usual” is used as a distribu-
tion of comparison target that represents short-duration
action distribution. An appropriate value is set in advance as
a fixed value for the single traveling vehicle velocity charac-
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teristic values of “general public”, i.e., the mean value and the
standard deviation of the velocity V of the vehicle at the time
of single traveling.

In step S333, the single vehicle velocity characteristics of
“this day” detected in the past are compared with those of this
time so as to calculate degree of deviation Dist,,, of “this
time” relative to “the past”. More specifically, the distribution
of the velocity V of the vehicle of “this day” detected in the
latest period (for instance, the previous day) is used as a
reference distribution that represents long-duration action
distribution, whilst the distribution of the velocity V of the
vehicle of “this day” detected this time is used as a distribu-
tion of comparison target that represents short-duration
action distribution, and the above-described equation (47) or
equation (50) is used to calculate the degree of deviation
Dist,;,»

Thus, after drive diagnosis of the driver is carried out in
step S320 using data obtained in a plurality of different time
spans, the flow of control proceeds to step S340. It is to be
noted that for the sake of simplicity, degree of deviation
Dist,, ;of “this moment” relative to “this day” will be denoted
by Dist_1, degree of deviation Dist,;, ;of “this day” relative to
“usual” will be denoted by Dist_2, degree of deviation Dist
of “usual” relative to “general public” will be denoted by
Dist_3, and degree of deviation Distof “this day of this
time” relative to “this day in the past” will be denoted by
Dist_4.

In step S340, the controller 300 determines whether or not
to execute alarm presentation processing based on the drive
diagnosis result in step S320. Here, a decision is made as to
whether or not degree of deviation Dist_1 of “this moment™
relative to “this day” calculated in step S328, degree of devia-
tion Dist_2 of “this day” relative to “usual” calculated in step
8330, or degree of deviation Dist_4 of “this day of this time”
relative to “this day of the past™ calculated in step S333 is
greater than a threshold value (for instance 0.30) used to
determine whether or not to execute an alarm presentation. In
the case where degree of deviation Dist_1, Dist_2, or Dist_4
is greater than the threshold value, the flow of control pro-
ceeds to step S350, and the controller 300 performs an alarm
presentation to the driver. After performing the alarm presen-
tation, the controller 300 terminates the processing.

FIG. 84 shows an example of display of alarm presentation
in visual information. This display enables the tendency of
single traveling vehicle velocity of this day (obtained data
result of intermediate-duration) to be compared with that of
usual (obtained data result of long-duration). FIG. 84 indi-
cates that vehicle velocity of today tends to be higher than that
of usual.

In the case where alarm presentation is performed in audio
information, audio information is output from the speaker
130 according to degree of deviation. For instance, in the case
where the degree of deviation Dist_2 of “this day” relative to
“usual” is greater than the threshold value, a voice “Travel
vehicle velocity is higher than usual” is output. In the case
where the degree of deviation Dist_1 of “this moment” rela-
tive to “this day” is greater than the threshold value, a voice
“Travel vehicle velocity is high” is output. In the case where
the degree of deviation Dist_4 of “this day of this time”
relative to “this day of the past” is greater than the threshold
value, a voice “Travel vehicle velocity is higher than before”
is output.

It a negative decision is made in step S340 and the alarm is
not presented, the flow of control proceeds to step S360 and
the controller 300 determines whether or not to execute
instruction presentation processing based on the drive diag-
nosis result in step S320. Here, a decision is made as to
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whether or not degree of deviation Dist_3 of “usual” relative
to “general public” calculated in step S332 is smaller than a
threshold value (for example, 0.07) used to determine
whether or not to present an instruction (improvement sug-
gestion).

If Dist_3 is smaller than the threshold value, the flow of
control proceeds to step S370, and the controller 300 presents
an instruction to the driver (improvement suggestion). After
presenting the instruction, the controller 300 terminates the
processing. FIG. 85 shows an example of display of instruc-
tion presentation in visual information. This display enables
the vehicle velocity characteristics of single traveling of usual
of'the driver to be compared with those of general public. FIG.
85 indicates that vehicle velocity of the driver has character-
istics lower than those of general public. In addition, degree
of deviation Dist_3 of “usual” may be converted into a score
and displayed. More specifically, a value having been
obtained by reversing the sign of degree of deviation Dist_3
and by adding 50 thereto is displayed on the display unit 180
as a score of usual drive operation of the driver.

In the case where instruction presentation is performed in
audio information, for example, a voice “As a result of analy-
sis, your vehicle velocity operation is lower than that of
general public” is output so as to inform the driver that the
driver is apt to be engaged in traveling at low vehicle velocity
habitually and praise drive operation of the driver. In addition,
a two-dimensional map shown in FIG. 71 may be used to
display the drive diagnosis result.

Thus, in the eleventh embodiment explained above, in
addition to the advantageous effects according to the first to
the tenth embodiments described above, the following opera-
tions and advantageous effects can be achieved.

Since the controller 300 uses the velocity V of the vehicle
at the time of single traveling as an index to represent driving
characteristics, accurate drive diagnosis is carried out in a
traffic scene where vehicle velocity can be set of the driver’s
own volition when there is no leading vehicle ahead.
—Variation of the Eleventh Embodiment—

Another calculation method of degree of deviation Dist,,,
will be explained now. Here, the difference at the position of
“velocity limit” between the reference distribution and the
distribution of comparison target is calculated as degree of
deviation Dist ,,» More specifically, as shown in FIGS. 86(a)
and (b), the difference between the comparison distribution
and the reference distribution in a region where velocity V of
the vehicle is smaller than a velocity limit Vimt is calculated
as the degree of deviation Dist

Probability F, (x) of cumulative distribution in the veloc-
ity limit Vlmt is calculated using the following equation (53),
where the mean value of the reference distribution is denoted
by u,,,and the standard deviation thereof is denoted by o_,,.

Vimt 1
FaaWVim) = e
o Taa V21

Next, the controller 300 calculates the value of cumulative
distribution in the velocity limit Vimt of comparison distri-
bution. Probability F_,,,(x) of cumulative distribution in the
velocity limit VImt is calculated using the following equation
(54), where the mean value of the comparison distribution is
denoted by w.,,,, and the standard deviation thereof is
denoted by o

comp*

(Equation 53)
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As the degree of deviation Dist,, the difference between
probability F_, (v,, ) of reference cumulative distribution and
probability F,.,,,,,,(v,,,) of cumulative distribution of the com-
parison target is calculated using the following equation (55).

Dist 5= compVimad=F sed(Vpms) (Equation 55)

<<Twelfth Embodiment>>

A driving assistance system for vehicle according to the
twelfth embodiment of the present invention will now be
explained. FIG. 87 shows a control diagram showing the
structure of the driving assistance system 6 for vehicle
according to the twelfth embodiment. In FIG. 87, the same
reference numerals are assigned to units having functions
identical to those in the seventh embodiment shown in FIG.
63, and explanations thereof will be omitted. Therefore, the
difference from the seventh embodiment will now be
explained mainly.

The driving assistance system 6 for vehicle according to
the twelfth embodiment includes the laser radar 10, the front
camera 15, the vehicle speed sensor 30, the acceleration sen-
sor 35, the navigation system 50, the accelerator pedal stroke
sensor 55, a controller 400, the speaker 130, the display unit
180, and the like.

The front camera 15 is a small CCD camera, a CMOS
camera, or the like mounted on top of the front window, which
detects the traffic situation ahead as an image. The controller
400 performs image processing on an image signal received
from the front camera 15 and detects lane markings and the
like in a region in front of the vehicle. It is to be noted that the
region detected by the front camera 15 is approximately 30
deg horizontally with respect to the vehicle longitudinal cen-
terline, and the front view of the road included in the region is
loaded as animage. The acceleration sensor 35 is a sensor that
detects longitudinal acceleration of the vehicle and outputs
the detected longitudinal acceleration to the controller 400.

In the twelfth embodiment, the controller 400 detects driv-
ing characteristics on start-up of the vehicle and carries out
drive diagnosis using the detected driving characteristics as
an index.

The behavior of the driving assistance system 6 for vehicle
according to the twelfth embodiment will now be explained in
detail with reference to FIG. 88. FIG. 88 is a flow chart
illustrating the procedure of driving assistance control pro-
cessing performed by the controller 400 achieved in the
twelfth embodiment. The processing is performed continu-
ously at regular intervals, e.g., for every 50 msec.

Atfirst, in step S700, traveling conditions of the vehicle are
detected. Here, as the traveling conditions of the vehicle, the
controller 400 obtains velocity V of the vehicle detected by
the vehicle speed sensor 30, the presence of a leading vehicle
detected by the laser radar 10, and longitudinal acceleration
xg detected by the acceleration sensor 35. The longitudinal
acceleration xg is divided by 9.8 m/s* so as to calculate
G-value. In addition, the longitudinal acceleration xg is time
differentiated so as to calculate a jerk value. The longitudinal
acceleration xg and the jerk value are major indices that
represent ride quality and feeling of discomfort on start-up of
the vehicle.

In step S705, operating states of the driver are detected.
Here, as the operating states of the driver, the controller 400
obtains accelerator pedal operation amount detected by the
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accelerator pedal stroke sensor 55. In addition, the accelerator
pedal operation amount is time differentiated so as to calcu-
late an accelerator pedal operation velocity.

In step S706, condition of the road in which the vehicle is
present is obtained. More specifically, the controller 400
obtains the shape of the road in which the vehicle is present by
using images captured by the navigation system 50 and the
front camera 15.

In step S710, the traffic scene of the vehicle is determined.
The accuracy of drive diagnosis is improved by limiting con-
ditions to vehicle traveling conditions and operating states of
the driver, and, in order to reduce discomfort to the driver
when information is provided to the driver in response to the
drive diagnosis result, traffic scene of the vehicle is deter-
mined so that drive diagnosis is carried out solely in a par-
ticular traffic scene. More specifically, drive diagnosis is car-
ried out exclusively in a traffic scene in which the vehicle
starts to move with no obstacles ahead from a stopping state.

Examples of conditions of traffic scene of single start-up
are as follows.

(a) There is no leading vehicle in the detection region of the
laser radar 10

(b) The road in which the vehicle is present is substantially
a straight road (R=800 m)

(c) The vehicle has just started to move from a stopping
state (vehicle velocity is 0 km/h) (for instance, equal to or less
than 10 seconds after start-up)

When the conditions (a) to (c) are all satisfied, the control-
ler 400 determines that the vehicle is in a traffic scene in
which the vehicle starts up singly, and the flow of control
proceeds to step S712 for the controller 400 to carry out drive
diagnosis. On the other hand, in the case where any of the
conditions (a) to (¢) is not satisfied, the controller 400 deter-
mines that the traffic scene of the vehicle does not correspond
to a particular traffic scene, does not carry out drive diagnosis,
and terminates the processing.

In step S712, travel location is determined. In step S714,
the present time is recorded. In step S715, the controller 400
calculates the maximum value of start-up acceleration char-
acteristic index equal to or less than 10 seconds after the
vehicle starts up from a stopping state. Start-up acceleration
characteristic indices include, for example, the longitudinal
acceleration xg, the G-value, the jerk value, accelerator pedal
operation amount, the accelerator pedal operation velocity,
and the like. Here, a case in which the longitudinal accelera-
tion xg is used is explained as an example.

In step S716, based on the labeling results in steps S712
and S714, the controller 400 stores dataused to carry out drive
diagnosis of the driver. Here, for example, the present time,
i.e., the time at which the vehicle traveled in the link, the travel
distance, a start-up acceleration characteristic index in the
link, the number of travels in the link, and the like are written
in the structure for each link ID so as to create traffic road
database.

In the following step S720, the data stored in step S716 are
used to carry out drive diagnosis of the driver. Drive diagnosis
is carried out based on acceleration characteristics in a single
start traffic scene. In drive diagnosis processing, the data of
each of the layer A to the layer D of the data structure shown
in FIG. 66 are used to determine drive operation of the driver
in different time spans, i.e., in “this moment”, “this day”, and
“usual”. The drive diagnosis processing executed in step
S720 will be explained in detail with reference to the flow
chart of FIG. 89.

In step S722, start-up acceleration characteristic values of
the driver of “this moment” are calculated so as to carry out
drive diagnosis of “this moment” of the driver. As start-up
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acceleration characteristic values of the driver, the controller
400 calculates the mean value Mean_x(n) and the standard
deviation Stdev_x(n) of the longitudinal acceleration xg in a
predetermined period of time that defines “this moment”.
Here, the predetermined period of time that defines “this
moment” is, for example, the latest three start-ups, and, the
mean value Mean_x(n) and the standard deviation Stdev_x(n)
of longitudinal acceleration xg are calculated using data (the
number of data K=3) detected in the latest three start-ups. The
mean value Mean_x(n) and the standard deviation Stdev_x(n)
are calculated using equations (39) and (41), respectively, as
is the case with the seventh embodiment.

In step S724, in order to carry out drive diagnosis of “this
day” ofthe driver, the controller 400 calculates start-up accel-
eration characteristic values of the driver of “this day”, i.e.,
the mean value Mean_x(n) and the standard deviation
Stdev_x(n) of the longitudinal acceleration xg in a predeter-
mined period of time which defines “this day”. Here, the
predetermined period of time that defines “this day” is, for
instance, the latest 18 start-ups, and the mean value Mean_x
(n) and the standard deviation Stdev_x(n) of the longitudinal
acceleration xg are calculated using data (the number of data
K=18) detected in the latest 18 start-ups.

In step S726, in order to carry out drive diagnosis of
“usual” of the driver, the controller 400 calculates start-up
acceleration characteristic values of the driver of “usual”, i.e.,
the mean value Mean_x(n) and the standard deviation
Stdev_x(n) of the longitudinal acceleration xg in a predeter-
mined period of time which defines “usual”. Here, the prede-
termined period of time that defines “usual” is, for instance,
the latest 108 start-ups, and the mean value Mean_x(n) and
the standard deviation Stdev_x(n) of the longitudinal accel-
eration xg are calculated using data (the number of data
K=108) detected in the latest 108 start-ups.

More specifically, as is the case with “this moment”, the
equations (39) and (41) are used to calculate the mean value
Mean_x(n) and the standard deviation Stdev_x(n).

In processing after the following step S728, drive diagnosis
of the driver is carried out using the driving characteristic
values calculated in steps S722, S724, and S726. Here, the
driving characteristics of the driver based on data obtained in
different time spans are each compared so as to diagnose the
drive operation of the driver based on how much both of the
driving characteristics deviate. In other words, in the data
structure shown in FIG. 66, an upper layer (e.g., the layer A)
is compared with a lower layer (e.g., the layer B) so as to carry
out the drive diagnosis.

At first, in step S728, the controller 400 calculates the
degree of deviation that indicates how much the driving char-
acteristics of the driver of “this moment” deviate from those
of “this day”. Here, the degree of deviation of “this moment”
relative to “this day” indicates the difference between the
distribution of the acceleration xg of “this day” and that of
“this moment”. In order to calculate the degree of deviation of
“this moment” relative to “this day”, the distribution of the
acceleration xg of “this day” is used as a reference distribu-
tion which represents a long-duration action distribution, and
the distribution of the acceleration xg of “this moment” is
used as a distribution of comparison target which represents a
short-duration action distribution. Here, as is the case with the
seventh embodiment, the above-described equation (47) or
equation (50) is used to calculate degree of deviation Dist,;;z

Thus, after the degrees of deviation Dist,, of “this
moment” relative to “this day” and “this moment” relative to
“usual” are each calculated in step S728, the flow of control
proceeds to step S730. In step S730, as is the case with
processing executed in step S728, the degree of deviation
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Dist,,of “this day” relative to “usual” is calculated. It is to be
noted that here, the distribution of the acceleration xg of
“usual” is used as a reference distribution that represents
long-duration action distribution, whilst the distribution of
the acceleration xg of “this day” is used as a distribution of
comparison target that represents short-duration action dis-
tribution.

In the following step S732, as is the case with processing
executed in step $728, degree of deviation Dist , ,of “usual”
relative to “general public” is calculated. It is to be noted that
here, the distribution of the acceleration xg of “general pub-
lic” is used as a reference distribution that represents long-
duration action distribution, whilst the distribution of the
acceleration xg of “usual” is used as a distribution of com-
parison target that represents short-duration action distribu-
tion. An appropriate value is set in advance as a fixed value for
the start-up acceleration characteristic values of “general
public”, i.e., the mean value and the standard deviation of the
acceleration xg at the time of single start-up.

In step S733, the start-up acceleration characteristics of
“this day” detected in the past are compared with those of this
time so as to calculate degree of deviation Dist,,, of “this
time” relative to “the past”. More specifically, the distribution
of the acceleration xg of “this day” detected in the latest
period (for instance, the previous day) is used as a reference
distribution that represents long-duration action distribution,
whilst the distribution of the acceleration xg of “this day”
detected this time is used as a distribution of comparison
target that represents short-duration action distribution, and
the above-described equation (47) or equation (50) is used to
calculate the degree of deviation Dist,,z

Thus, after drive diagnosis of the driver is carried out in
step S720 using data obtained in a plurality of different time
spans, the flow of control proceeds to step S740. It is to be
noted that for the sake of simplicity, degree of deviation
Dist,,-of “this moment” relative to “this day” will be denoted
by Dist_1, degree of deviation Dist,;;of “this day” relative to
“usual” will be denoted by Dist_2, degree of deviation Dist ;-
of “usual” relative to “general public” will be denoted by
Dist_3, and degree of deviation Dist ;- of “this day of this
time” relative to “this day in the past” will be denoted by
Dist_4.

In step S740, the controller 400 determines whether or not
to execute alarm presentation processing based on the drive
diagnosis result in step S720. Here, a decision is made as to
whether or not degree of deviation Dist_1 of “this moment”
relative to “this day” calculated in step S728, degree of devia-
tion Dist_2 of “this day” relative to “usual” calculated in step
S730, or degree of deviation Dist_4 of “this day of this time”
relative to “this day of the past” calculated in step S733 is
greater than a threshold value (for instance 0.30) used to
determine whether or not to execute an alarm presentation. In
the case where degree of deviation Dist_1, Dist_2, or Dist_4
is greater than the threshold value, the flow of control pro-
ceeds to step S750, and the controller 400 performs an alarm
presentation to the driver. After performing the alarm presen-
tation, the controller 400 terminates the processing.

FIG. 90 shows an example of display of alarm presentation
in visual information. This display enables the tendency of
start-up acceleration of this day (obtained data result of inter-
mediate-duration) to be compared with that of usual (ob-
tained data result of long-duration). FIG. 90 indicates that
acceleration of today tends to be higher than that of usual.

In the case where alarm presentation is performed in audio
information, audio information is output from the speaker
130 according to degree of deviation. For instance, in the case
where the degree of deviation Dist_2 of “this day” relative to
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“usual” is greater than the threshold value, a voice “Start-up
acceleration is higher than usual” is output. In the case where
the degree of deviation Dist_1 of “this moment” relative to
“this day” is greater than the threshold value, a voice “Start-
up acceleration is high” is output. In the case where the degree
of deviation Dist_4 of “this day of this time” relative to “this
day of the past” is greater than the threshold value, a voice
“Start-up acceleration is higher than before” is output.

It a negative decision is made in step S740 and the alarm is
not presented, the flow of control proceeds to step S760 and
the controller 400 determines whether or not to execute
instruction presentation processing based on the drive diag-
nosis result in step S720. Here, a decision is made as to
whether or not degree of deviation Dist_3 of “usual” relative
to “general public” calculated in step S732 is smaller than a
threshold value (for example, 0.07) used to determine
whether or not to present an instruction (improvement sug-
gestion).

If Dist_3 is smaller than the threshold value, the flow of
control proceeds to step S770, and the controller 400 presents
an instruction to the driver. After presenting the instruction,
the controller 400 terminates the processing. FIG. 91 shows
an example of display of instruction presentation in visual
information. This display enables the start-up acceleration of
usual of the driver to be compared with that of general public.
FIG. 91 indicates that start-up acceleration of the driver has
characteristics lower than that of general public. In addition,
degree of deviation Dist_3 of “usual” may be converted into
a score and displayed. More specifically, a value having been
obtained by reversing the sign of degree of deviation Dist_3
and by adding 50 thereto is displayed on the display unit 180
as a score of usual drive operation of the driver.

In the case where instruction presentation is performed in
audio information, for example, a voice “As a result of analy-
sis, your start-up acceleration operation is lower than that of
general public” is output so as to inform the driver that the
driver is apt to be engaged in starting-up at low vehicle veloc-
ity habitually and praise drive operation of the driver. In
addition, a two-dimensional map shown in FIG. 71 may be
used to display the drive diagnosis result.

Thus, in the twelfth embodiment explained above, in addi-
tion to the advantageous effects according to the first to the
eleventh embodiments described above, the following opera-
tions and advantageous effects can be achieved.

Since the controller 400 uses the maximum value of the
longitudinal acceleration xg on start-up of the vehicle as an
index to represent driving characteristics, accurate drive diag-
nosis is carried out on start-up of the vehicle when there is no
leading vehicle ahead.

It is to be noted that in the first to the twelfth embodiments
explained above, it is configured that after drive diagnosis is
carried out, according to the drive diagnosis result, alarm
presentation processing or improvement suggestion process-
ing is carried out. However, the driving assistance system for
vehicle achieved in the present invention is not limited
thereto, and the driving assistance system for vehicle may be
configured so as to exclusively carry out drive diagnosis from
traveling conditions and drive operations. In this case, it may
be configured, for instance, that drive diagnosis result is pre-
sented only when the driver desires so, or that drive diagnosis
result is transmitted to a base station or the like that collects
the data.

In the first to the twelfth embodiments explained above, the
laser radar 10, the front camera 15, the vehicle speed sensor
30, the acceleration sensor 35, and the navigation system 50
may function as traveling condition detection means; the
steering angle sensor 7, the accelerator pedal stroke sensor 55,

20

25

30

35

40

45

50

55

60

65

88

the brake pedal stroke sensor 60, and the turn signal switch 65
may function as drive operation detection means; and the
controllers 100, 200, 250, 300, 350, and 400 may function as
drive diagnosis means. It is to be noted that traveling condi-
tion detection means and drive operation detection means are
not limited to thereto, and, for example, another type of radar
may be used in place of the laser radar 10. It is to be noted that
the above explanations are examples, and considerations of
the present invention are not limited to or constrained by the
correspondence relationship between the above embodi-
ments and the claims.

The invention claimed is:

1. A driving assistance system for a vehicle, comprising:

a traveling condition detection unit configured to detect a
traveling condition of a vehicle;

a drive operation detection unit configured to detect a drive
operation by a driver;

a storage unit configured to store data of the traveling
condition detected by the traveling condition detection
unit and the drive operation detected by the drive opera-
tion detection unit; and

a drive diagnosis unit configured to estimate driving char-
acteristics of the driver using data with a limited tempo-
ral position and range which are stored in the storage unit
among data of the traveling condition detected by the
traveling condition detection unit and the drive opera-
tion detected by the drive operation detection unit, and
diagnoses drive operation of the driver based upon the
estimated driving characteristics, wherein:

the drive diagnosis unit is configured to:

obtain data of a first period of time and data of a second
period of time from the data stored in the storage unit of
the traveling condition detected by the traveling condi-
tion detection unit and the drive operation detected by
the drive operation detection unit;

update inreal time the data of the first period of time and the
data of the second period of time;

perform a comparison of the data of the first period of time
with the data of the Second period of time; and

diagnose drive operation of the driver based on the com-
parison,

wherein the data of the first period of time represents a
current traveling condition and drive operation,

wherein the data of the second period of time represents a
traveling condition and drive operation of the current
day and include the current traveling condition and drive
operation, the second period of time being longer than
the first period of time.

2. A driving assistance system for a vehicle according to

claim 1, wherein

the drive diagnosis unit further obtains data of a third
period of time which is longer than the second period of
time that represent a usual traveling condition and drive
operation of the driver and compares the data of the third
period of time with the data of the first period of time and
the data of the second period of time so as to carry out
drive diagnosis.

3. A driving assistance system for a vehicle according to

claim 1, wherein:

the drive diagnosis unit recursively calculates a distribution
of drive operation data that represents the driving char-
acteristics from data of the traveling condition and the
drive operation.

4. A driving assistance system for a vehicle according to

claim 3, wherein
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the drive diagnosis unit recursively calculates a probability
density function as a distribution of the drive operation
data.
5. A driving assistance system for a vehicle according to
claim 1, wherein
the drive diagnosis unit recursively calculates distributions
of a plurality of drive operation data having different
time constants, as the driving characteristics, from a
plurality of data of different temporal ranges.
6. A driving assistance system for a vehicle according to
claim 5, wherein
the drive diagnosis t recursively calculates a plurality of
probability density functions having different time con-
stants as a distribution of the drive operation data.
7. A driving assistance system for a vehicle according to
claim 1, wherein
the drive diagnosis unit carries out drive diagnosis from a
difference in values of predetermined ranges between a
plurality of data of different temporal ranges.
8. A driving assistance system for a vehicle according to
claim 7 wherein
the drive diagnosis unit calculates a data distribution for
each of the plurality of data, sets the predetermined
range from a reference data distribution among a plural-
ity of calculated data distributions, and carries out drive
diagnosis based on a difference in values between the
plurality of data in the set predetermined range.
9. A driving assistance system for a vehicle according to
claim 8, wherein
the drive diagnosis unit uses a data distribution calculated
from data with a widest temporal range among the plu-
rality of data, as the reference data distribution.
10. A driving assistance system for a vehicle according to
claim 1, wherein
the drive diagnosis unit compares distributions of a plural-
ity of data of different temporal ranges and carries out
drive diagnosis based on degree of fit of distributions.
11. A driving assistance system for a vehicle according to
claim 1, wherein
the drive diagnosis unit assumes that distributions of a
plurality of data of different temporal ranges each have a
predetermined shape and obtains a distribution param-
eter thereof so as to calculate a plurality of data distri-
butions.
12. A driving assistance system for a vehicle according to
claim 1, wherein
the drive diagnosis unit calculates time headway between a
vehicle and a Leading vehicle when the vehicle is fol-
lowing the leading vehicle, as an index that represents
the driving characteristics.
13. A driving assistance system for a vehicle according to
claim 1, wherein
the drive operation detection unit detects a steering angle as
the drive operation: and
the drive diagnosis unit uses the detected steering angle so
as to calculate a steering angle entropy that represents
instability of a steering operation by the driver, as an
index that represents the driving characteristics.
14. A driving assistance system for a vehicle according to
claim 1, wherein
the drive operation detection unit detects an accelerator
pedal operation amount as the drive operation; and
the drive diagnosis unit uses the detected accelerator pedal
operation amount so as to calculate an accelerator pedal
position entropy that represents instability of an accel-
erator pedal operation by the driver, as an index that
represents the driving characteristics.

20

25

30

35

40

45

50

55

60

65

90

15. A driving assistance system for a vehicle according to
claim 1, wherein
the drive diagnosis unit calculates time to contact between
a vehicle and a leading vehicle when an accelerator
pedal is released, as an index that represents the driving
characteristics.
16. A driving assistance system for a vehicle according to
claim 1, wherein
the drive diagnosis unit calculates time to lane crossing
until a vehicle deviates from a travel lane when a steering
adjustment is performed, as an index that represents the
driving characteristics.
17. A driving assistance system for a vehicle according to
claim 1, wherein
the drive diagnosis unit uses a vehicle velocity at a time of
single traveling, as an index that represents the driving
characteristics.
18. A driving assistance system for a vehicle according to
claim 1, wherein
the drive diagnosis unit uses a maximum acceleration at a
time of start-up of a vehicle, as an index that represents
the driving characteristics.
19. A driving assistance system for a vehicle according to
claim 1 wherein
the drive diagnosis unit calculates a minimum time to con-
tact between a vehicle and a leading vehicle at a time of
brake operation, as an index that represents the driving
characteristics.
20. A driving assistance system for a vehicle according to
claim 1 wherein
the drive diagnosis unit uses a minimum vehicle separation
between a vehicle and a leading vehicle at a time of
passing, as an index that represents the driving charac-
teristics.
21. A driving assistance method for a vehicle, comprising:
detecting a traveling condition of a vehicle via a traveling
condition detection unit;
detecting a drive operation by a driver:
storing into a storage unit data of the detected traveling
condition and the detected drive operation; and
estimating, via a controller, driving characteristics of the
driver using data with a limited temporal position and
range which are stored in the storage unit among data of
the detected traveling condition and the detected drive
operation, and, based on the estimated driving charac-
teristics, diagnosing drive operation of the driver;
wherein:
the diagnosing the drive operation of the driver comprises:
obtaining data of a first period of time and data of a second
period of time from the data stored in the storage unit of
the detected traveling condition and the detected drive
operation;
updating in real time the data of the first period of time and
the data of the second period of time;
performing a comparison of the data of the first period of
time with the data of the second period of time; and
diagnosing the drive operation of the driver based on the
comparison,
wherein the data of the first period of time represents a
current traveling condition and drive operation,
wherein the data of the second period of time represents a
traveling condition and drive operation of the current
day and include the current traveling condition and drive
operation, the second period of time being longer than
the first period of time.

#* #* #* #* #*



