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(57) Abstract: A deviation angle, between a progression direction of a vehicle and a direction of a target destination point after a
predetermined forward gaze duration on a target course the vehicle is travelling on, is detected by target destination point devia-
tion angle detection unit 26. A yaw angular speed proportional to the deviation angle detected by the target destination point devi-
ation angle detection unit 26 is predicted by yaw angular speed prediction unit 28, as a yaw angular speed realized by steering
wheel operation by a driver after a predetermined lag time for matching a timing of change in the vehicle movement with a timing
of change in curvature of the target course. By so doing, the yaw angular speed due to steering wheel operation by a driver can be
predicted with good precision.
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' DESCRIPTION

DRIVER OPERATION PREDICTION DEVICE, METHOD, AND DRIVER OPERATION
' "~ PREDICTION PROGRAM

Technical Field
[0001] The present invention relates to a driver operation prediction device, method, and a
driver operation prédiction prograin, and in particular to a driver operation prediction device
énd method that predict yaw angular speed realized by driver operatibn of a steering wheel,

and to a program of the same.

_ Background Art
-[0002] Conventionally, driver models are known that estimate the operation amount by a
driver who has been given a target course. For example, driver models are known that
feedback the deviation in vehicle predicted position, if a vehicle was to progress as it is in the
~ current vehicle orientation, from a forward gaze point on a target course, and feedback the
deviation between yaw angel displacement and a target yaw angle, for computing a steering
angle as an operation amount in Japanese Patent Application Laid-Open (JP-A) No.
2005-335588. In such driver models the yaw angle at the forward gaze point, namely, the
tangential direction of a target course at the forward gaze point, is detected in order to
computé the operation amount. o
[0003] Furthermore, a driving behavior model is known that is formed with feed forward
control of a condition amount relating to road profile, and feedback control relating to a
deviation amount of a course from the vehicle movement in JP-A No. 2006-059765.  In this
driving ‘behévior model a yaw angle differential value of a center line, or the like, is used as
the condition amount relatihg .to road profile.
[0004] However, in the téchnology described in JP-A No. 2005-335588, when the driver
model is installed to a vehicle and the tangential direction of a target course at the forward
gaze point is estimated from image data in a forward direction, there is the problem that the
operation amount of a driver cannot be derived with good precision since there is noise
contained in the obtained data. |
[0005] Furthermore, in the technology described in JP-A No. 2006—059765, the driver model .

is installed to a vehicle, and when the yaw angle derivative value of the center line is
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estimated from the image data in a forward direction, there is the problem that the operation
amount of a driver cannot be derived with good precision since there is noise contained in the

obtained data.

Summary of Invention
[0006] The present invention is made in order to solve the above problems, and an objective
thereof is to provide a driver operation,prédictlion device that can predict the yaw angular
speed due to steering wheel operation by a driver with good precision, and to provide a
" program of the same. \ _
[0007] In order to achieve the above objective, the driver operation predictioﬁ device
according to the present invention is configured including: a target destination point deviation
angle detection unit that detects a deviation angle between a progression direction of a vehicle,
and a direction of a target destination point after a predetermined forward gaze duration on a
target course being travelled by the vehicle; and a yaw angular speed prediction unit that
predicts a yaw angular speed proportional to the deviation angle detected by the target
destination point deviation angle detection unit, as a yaw angular speed realized by steering
wheel operation by a driver after a predetermined lag time for matching a timing of change in
vehicle movement to a timing of change in curvature of the target course.
[0008] The program according to the -present invention is a program that causes a computer
to function as: a target destination point deviation angle detection unit that detects a deviation
angle between a progression direction of a vehicle, and a direction of a target destination point
after a predetermined forward gaze duration on a target course, being travelled by the vehicle;
and a yaw angular speed prediction unit that predicts a yaw angular épeed proportional to the
deviation angle detected by the target destination point deviation angle detection unit, as.a
_ yaw angular speed realized by steering wheel operation by a driver after a predetermined lag
time for matching a timing of change in vehicle movc;,ment to a timing of change ‘in curvature
of the target course.
[0009] According to the present invention, the deviation angle between the progression
direction of a vehicle, and the direction of a target destination point after the predetermined - -
forward gaze duration on a target course being travelled by the vehicle is detected by the
target destination point deviation angle detection unit. A yaw angular speed, proportional
to the deviation angle detected by the target destination point deviation angle detecti;)n unit, is

predicted by the yaw angular speed prediction unit, as the yaw angular speed realized by
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steering wheel operation by a driver after a predetermined lag time for matching the timing of
change in vehicle movement to the timing of change in curvature of tl_le target course.

[OOIO] In this manner, the yaw angular speed due to steering wheel operation by the driver
can be prediéted.with high precision by delaying the yaw angular speed proportional to the
deviation angle to the direction of the target destination point by the lag time, and predicting
the yaw angular speed realized by operation of the steering wheel. \
'[0011] The value of the ratio of the above forward gaze duration to the lag time may be'
between 2.6 and 4.4. A proportionality coefficient of the yaw angular speed to the deviation
angle can be determined such that the product of the proportionalit-y coefficient aﬁd the
forward gaze duration is a value between 1.9 and 2.2. By so doihg, tﬁe yaw angular speed
due to steering wheel operation by the driver can be predicted with highér pfecision.

[0012] The driver operation prediction device according to the present invention can further
include: a yaw angular speed detection unit that detects the yaw angular speed of the vehicle;
anda warning control unit that controls such that a warning is output by an output dévice

~ when an absolute value of a deviation between the yaw angular speed predicted by the yaw
angular speed prediction unit and ;the yaw angular speed detected after the lag time by the yaw
angular speed detection unit is a speciﬁé value or greater. By so doing, a warning is output
when the deviation to the predicted yaw angular speed is great, and accidents can be
prevented from occurring. A

[0013] As explained above, according to the driver operation prediction device and the
prografn of the present invention the effect is obtained that the yaw angular speed due to
steeﬁng wheel operation by the driver can be predicted with high precision, by delaying the
yaw angular speed proportional to the deviation angle to the direction of the target destination
“point by the lag' time, and predicting the yaw angular speed realized by operation of the

steering wheel.

Brief Description of the Drawings
[0014] FIG. 1 is schematic diagram showing a configuration of a driver warning device
according to an exemplary embodiment of the present invéntion.
FIG. 2 is an image showing a deviation angle between the progression direction of a
Vehiclé and the direction of a target destination point.
FIG. 3 is a graph showing the target course and the vehicle path compﬁted from the

yaw angular speed prediction values.
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FIG. 4 is a flow chart showing the contents of a Waming control processing routine of
a driver warning device according to an exemplary embodiment of the present invention.
"FIG. 5 is a graph showing a target course and a vehicle path due to driver operation
by a test subject. |
FIG. 6 is a graph showing change in yaw angular speed realized by driver operation |

by a test subject, and change in yaw angular speed predicted by a driver model.

Modes for Carrying'out the Invention
[0015] Explanation will now be gi?en of details of an exemplary embodiment of the present
invention, with reference to the drawings. The present exemplary embodiment, explanation
will be given of an example of application of the present invention of a driver warning device
installed to a vehicle, and outputting a warning to a driver.
[0016] As shown in FIG. 1, a driver warning device 10 according to an exemplary
embodiment of the present invention is equipped with: an image capture device 12 that
captures images in the forward direction of a Vehlcle a vehicle speed sensor 14 that detects
the speed of a vehicle; a lateral speed sensor 16 that detects the lateral speed of a vehicle; a
yaw angular speed sensor 18 that detects the yaw angular speed of a vehicle; a warning device
20 that outputs a warning to a driver of a vehicle; and a computer 22‘that controls the warning
device 20 based on the respective outputs from the vehicle speed sensor 14, the lateral speed
sensor 16 and the yaw angular speed sensor 18, and based on a forward direction image
captured by the image capture device 12. | )
[0017] The image capture device 12 is equipped with: an image capture section (not shown
in the drawings) that captures images in a forward direction of a vehicle and is configured by
a monocular camera that generates an imege signal of an image; a A/D codverter (not shown,
in the drawings) that A/D converts the image signal generated by the image capture section;
and an image memory (not shown in the drawings) for temporarily storing the A/D converted
image signal.
[0018] The warning device 20 is equipped with a speaker, and outputs an audible warning to
a driver according to control by the computer 22.
[0019] The computer 22 is equipped with a CPU, a RAM, and a ROM stored with a program
for executing a warning control processing routine, described later, and is functionally .
configured as follows. The computef 22 is equipped with: image input unit 24 that acquires

the forward direction image output from the image capture device 12; target destination point
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deviation angle detection unit 26 that, from a forward image, detects a predicted destination
position after a forward gaze duration in the progress direction of a vehicle and, from the
forward image, detects a target destination point after the forward gaze duration on a target
course on which the vehicle is travelling, and detects the deviation angle between the
progression direction of the vehicle and the direction of the target destination point after the
forward gaze duration; yaw angular speed prediction unit 28 that predicts the yaw angular
speed realized by steering wheel operation by a driver after a lag time, described later, based
on the angle of deviation between the progression direction of the vehicle and the direction of
the target desﬁnation point after the forward gaze duration; and warning control unit 30 that
controls the output of a warning by the warning device 20 according to the absolute value of
the deviation between the predicted yaw angular speed and the yaw angular speed detected by
the yaw angular speed sensor 18. |

[0020] The target destination point deviation angle detection unit 26 computes a slip anglé,
based on the vehicle speed detected by the vehicle speed sensor 14 and the lateral speed
detected by the lateral speed sensor 16. The target destination point deviation angle
de‘gection unit 26 computes the progression direction of the vehicle on the forward direction
image, based on a previously derived vehicle longitudinal direction on the forward direction
" image and on the computed the slip angle. The target destination point deviation angle
detection unit 26 detects, as a predicted destination position after the forward gaze duration,
the point that is the forward gaie distance forward on the progression direction of the'vehjcle
on the forward direction image, obtained by rhultiplying a pre-set forward gaze duration by
the vehicle speed. Note that the slip angle may employ a value that has been computed
based on a vehiple' movement model from the vehicle speed and the steering wheel angle.
Employing a lateral speed sensor becomes unﬁecessary in such cases.

[0021] The target destination point deviation angle detection unit 26 recognizes the target
course from the forward direction image by image recognition processing, and detects, as a
target destination position after the forward gaze duration, the point in the forward direction
image that is on the target course and is the forward gaze distance forWard, obtained by
multiplying the pfe-set forward gaze duration by the vehicle speed. The target destination
péint deviation angle detection unit 26 also detects the angle of deviation between the
progression direction of the vehicle and the direction of the farget destination point after the
forward gaze duration, based on the predicted dqstination position after the forward gaze

“duration and the target destination point that have been detected in the forward direction
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image. Note that with regard to the target destination poiht, the target course of the vehicle
may be acquired from a navigation system or the like, so as to detect the position of the target
destination point. Furthermore, while explanation is given of an example of computing the
‘slip angle by employing the vehicle speed sensor and lateral speed sensor there is no
liﬁlitatibn thereto, and the slip angle may be derived by employing any known conventional
method.

[0022] Explanation will now be given of the principle for predicting the yaw angular speed
realized by steering wheel operation by a driver after a lag time.

[0023] Explanation will first be given of the principles of course following. The vehicle
speed u here is taken as being constant, and the yaw angular speed r re-quired for course
following changes in proportion to time t according to Equation (1) shbwn below.

[0024] [Formula 1]
r(t)=a+b-t’ (D

[0025] Herein, a and b are constants determined according to the change in curvature of the
course. |

[0026] As shown in Equation 1, in the present exemplary embodiment, explanation will be
given under the assumption of a course in which the curvature changes as a linear function of
time. Furthermore, as shown in FIG. 2, the X axis direction is defined as the vehicle speed
direction at time t = 0, the Y axis direction is defined as a direction perpendicular to the X axis.
Then the speed v (1) in the Y axis direction of a vehicle accurately following the course is as

- shown in Equation (2) below, wherein v (0) = 0.

[0027] [Formula 2]

v(t)zjr(t)--udtz a-t+1b.12 |-u
| - 2 « o (2)

[0028] Furthermore, the lateral position y (t) on the course is computed 'by Equation (3)
below. ' |

[0029] [Formula 3]
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ylt) = fv(t)dt: %a-t2+éb-t3' ‘u e

[0030] Furthermore, under the assumption that the lateral position y (T) after a
predetermined forward gaze duration T is sufficiently small in comparison to the movement
distance uT, the direction 8,4, of the target destination point position (forward gaze point) -
aftcr the forward gaze duration T from time t = 0 relative to the progression direction,
approximates to Equation (4) below.

[0031] [Formula 4]

- T) 1 L
0 Ozl(—z— -T+—=b-T
gaze(,) ul _2a ¥ 6 < e e (4)

[0032] EXplénation will now be given of a driver model that predicts vehicle movement
realized by steering wheel operation by a driver.

[0033] It is considered possible to model driver operation, even just from feedback of the
amount of deviation, or the angle of deviation, afte-r a specific period of time of the vehicle
destination point from a target course, obtained from forward direction image data. However, '
when gain is set to obtain sufficient following ability, a problem arises tilat sudden changes in
curvature cannot be accommodated, and large following deviation occurs at points where the
_curvature changes. This following deviation occurs because “the deviation angle in the
forward direction, being the feedback amount, changes before the actual change in curvature,

* and when a yaw angular speed according to the deviation anglé in the forward direction is
output, the turning conditions start before the actual change in curvature”.

[0034] To address this, in the present exemplary embodiment, the point has been noticed that
optimization can be made by delaying the t‘iming of drivér operation according to the forward
gaze duration uséd for deriving the deviation angle in the forward direction, namely, adding in
~alagtime. Then, as will be explained below, the yaw angular speed, realized when steering
wheel operation by a driver is performed to follow a target course, is predicted with good
precision from just the feedback of the deviation angle in the forward direction.

[0035] The predicted value r e of the yaw angular speed is computed, as a vehicle
moverpent_predicﬁon value realized by steering wheel operation by a driver, according to

Equation (5) below, from the deviation angle g, between the progression direction of a -
7
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vehicle (speed vector direction) and the direction of a target destination point of the vehicle
after the forward gaze duration T.

[0036] [Formula 5]

pre(t+z-) k Hgaze() c e . (5)

[0037] Herein, k is the gain as a proportionality coefficient, 7 is the lag time. The lag time
7 here is a period of time for matching a timing of change in the vehicle moverﬁent with a
timing of change in curvature of the running course, and is a predetermined duration.

[0038] By substituting time t = 0 into the above Equation (5), and then substituting the
relationship of above Equation (4), Equation (6) below is obtained.

[0039] [Formula 6]

1 1 2
ro\T)=k-|—a-T+—=b-T
prelF) = k| Sa-T+~ .

[0040] Equation (7) below must also hold, becausé the yaw angular speed of Equation (1)
must be output in order to follow the target course.

[0041] [Formula 7]
rp,,e(r) =r(r)=a+b-1

[0042] Equation (8) is obtained from Equation .(6) and Equation (7) above.
[0043] [Formula 8]

C. (7)

1 1 1,
—-(a+b-r):—a-T+—b-T
k 2 6 - -« (8)
[0044] The conditions for above Equation (8) fo hold for any given values of a and b are

shown by Equation (9) and Equation (10) below.
[0045] [Formula 9]
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k-T=2 c e (9)

k-T2=6T (1'0)

[0046] By substituting Equation (9) above into Equation (10) reduction may be made to
Equation (11) below.
[0047] [Formula 10]

T=3r - - (11)

[0048] Namely, if Equation (9) and Equation (11) hold, the yaw anguldr speed prediction
value computed in Equation (5) matches the yaw angular speed for course following of
Equation (1),‘ and course following is realized. -V
[0049] However, b= 0 hold at the time of turning in a circular arc since in this case the yaw
angular speed takes a constant value. In this case, Equation (11) becomes unnecessary and so
the lag time may be 0. Therefore, the lag time can be viewed as a parameter for applying
- when the yaw angular speed changes, namely, the curvature of the target course changes. -
[0050] Furthermore, explanation has been given above of a case where the yaw angular
speed prediction value is matched with the yaw angular speed for course following at time t =
0. However, since explanatioh can be made with the same principle as when time t = 0 for
any given time by re-defining the coordinate system, the conditions of Equation (9) and
Equation (11) above can be derived in a similar manner.
[0051] Based on the principle explained above, the yaw angular speéd prediction unit 28 of
the driver warning device 10 according to the present exemplary embodiment employs the lag
time 7 set, as shown in Equation (11) above, to be one third the forward gaze duration T (so
that the forward gaze duration becomes 3 times the lag time t), and employs the gain k set
such that, as shown in Equation (9) above, the product thereof with the forward gaze duration
. Tbecomes 2. The yaw angular speed realized by steering wheel operation by a driver after
the lag time is then predicted.according ‘to Equation (6) above.
[0052] Explanation will now be given of the permissible ranges of parameters here. The
permissible range of parameters is derived as follows.
[0053] First, when travelling at 100 km/h on given iarget course of a straight line, a circular
arc (radius 150 m) and transition sections (27.8 fn), the vehicle path computed from the driver

. model output for proposal by the present invention, namely, the yaw angular speed predicted
9 _
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values is derived, and then the deviation from the target course is computed (see FIG. 3).
[0054] Then, the permissible range of parameters are derived by considering as parameters
the ratio of the forward gaze duration to the lag time, and the product of the gain for
computing the yaw angular speed with the forward gaze duration. Note that as a standard
for the driver model the ratio of the forward gaze duration to the lag time is set to 3, and the
product of the gain for computing the yaw angular speed with the forward gaze duration is set
to 2. The permissible ranges of the parameters are ranges such that the maximum value of
the course following deviation when the parameter changes is up to twice the méximum value
of the course following deviation in this standard state.

[0055] Table 1 shows the parameter permissible ranges when the forward gaze duration is 1,
1.5, and 2 (s), in Table 1 below.

[0056] ([Table 1]

Forward Gaze 1(s) 1.5 (s) | 2(s)
Duration

Forward Gaze 26t04.3 2.6t04.3 12.6t04.4
Duration/Lag time

Gain x Forward Gaze | 1.94 to 2.15 : 1.93t0 2.16 1.92t0 2.19
Duration

[0057] It can be seen that, whatever the forward gaze duration, the range in which the
maximum value of the course following deviation when the parameter changes is up to twice
the maximum value of the course following déviation in the standard state, are ranges fof
‘which the ratio of the forward gaze duration to the lag time is 2.6 to 4.4, and for which the
product of the gain for computing the yaw angular speed with the forward gaze duration is 1.9
to 2.2. _ ‘ | |
[005 8]. Furthermdre, when the turning radius of the target course is changed to 300 m, then
the parameter permissible ranges are shown in Table 2 below.

[0059] [Table 2]

Forward Gaze 1(s) | 560 |20
Duration | i

Forward Gaze 2.6t04.3 2.6t04.3 2.6t04.4
Duration/Lag time

Gain'x Forward Gaze | 1.91t02.19 ~ 1.91 to 2.19 - | 1.90t0 2.20
Duration

10
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[0060] It can be seen from Table 2 above that thé parameter permissible ranges derived here
also do not depend on the turning range of the course.

[0061] Consequently, in the yaw angular si)eed prediction unit 28 of the driver warning
device 10 according to the present exemplary embodiment, the yaw angular speed realized
through steering wheel operation by a driver after a lag time may be predicted according to
Equation (6) above, employing lag time 7 set so that the value of the ratio of the forward gaze
duration T to the lag time 7 is in a range from 2.6 to 4.4, and gain k set such that the value of
the product thereof with the forward gaze duration T is in a range from 1.9 to 2.2. 4
[0062] The warning control unit 30 compares the yaw angular speed predicted by the yaw
angular speed prediction unit 2’8 with the ya;N angulaf speed after the above lag time detected
by the yaw angular speed sensor 18. When the absolute value of the deviation in the yaw
angular speeds is a threshold value or above, the warning control unit 30 determines that the
detected yaw angular speed has greatly deviated from the yaw angular speed in a normal
driving state of a driver, and‘ controls the warning device 20 such that an audible warning is
output from the warning device 20. |

[0063] Explanation will now be given of the operation of the driver warning device 10
according to the present exemplary embodiment. During travel of a vehicle installed with
the driver Warning. device 10, the warning control processing routine shown in FIG. 4 is
executed in the computer 22.

[0064] First, at step 100, a forward direction image is acquired from the image capture
device 12. At step 102, the vehicle speed detected by the vehicle speed sensor 14 and the
lateral speed detected by the lateral speed sensor 16 are each acquired.

[0065] * Then, at step 104, the slip angle is computed from the vehicle speed and lateral speed
acquired in step 102 above. Then, the progression direction of the vehicle on the forward |
direction image is computed from the pre-derived vehicle longitudinal direction, on the
forward direction image acquired in step 100 above, and from the 4computed the slip angle,
and the predicted destination point in the progression direction after the forward gaze duration
is detected. Then, at step 104, the target destination point on the target course after the
forward gaze duration is detected from the forward direction image acquired in step 100
above. Then, the deviation angle is detected between the progression direction of the vehicle
and the detected direction of the target destination point éfter the forward gaze duration.
.[0066] In the next step 106, the yaw angular speed realized by steering wheel operation by a

driver after the lag time is predicted according to Equation (6) above, based on the deviation

11
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angle, detected at step 104 above, between the progression direction of the vehicle and the

direction of the target destination point.

[0067] Then, in step 108, after the processing performed in step 100 and step 102 above, the
predicted values of the yaw angular speed duﬁng a period of time the same as the above lag’
time are stored in a memory, and the already stored pre\-/ious predicted value of the yaw
angular speed is output, for the time previous by the equivalent of the lag time in time.

[0068] At step 110, the yaw angular speed detected by the yaw angular speed sensor 18 is
acquired. Then, at step 112, determination is made as to whether or not the absolute value of
the deviation between the yaw angular speed predicted at step 106 above and the yaw angular
speed acquired at step 110 above, is a threshold value or greater. When the absolute value of
the deviation in yaw angular speeds is less than the threshold value, a warning is not output,
and the routine returns to step 100. However, when the absolute value of the deviation in
yaw aﬁgular speeds is the threshold value or greater, then at step 114, control is made such
that an audible warning is output by the warning device 20, and the routine returns to step

100. " | |

[0069] Explanation will now be given of results of a comparison between the predicted yaw
angular speeds employing the prediction method of the present exemplary embodiment, and
actual measured values of yaw angular speeds due to operation by a test subject.

[0070] First, explanation will be given regarding test results of operation by a test subject of -
a driving simulator. ‘A target course was set, as shown in FIG. 5, to smoothly change lanes of
width 4 m laterally over 100 m when travelling at a constaﬁt 100 km/h, and tests were
performed on the operétion by the test subject to follow the target course. In FIG. 5, the
target course and the vehicle path, as the test results of operation by the test subject, are
shown at the same time. }

[0071] Results obtained were that, although the vehicle path due to driving operation by the
test subject substantially followed the target course, there was poor reproducibility relating to
errors, such as in the amount of over shoot and the like.

-[0072] Next, explanation will be given of prediction results by the prediction method of the
present exemplary embodiment, in the case of following a target course the‘same as in the
above test. The yaw angular speed was predicted emplbying the prediction method of the
present exemplary embodiment, with the forward gazé dﬁration T set at 1.41 (s), the lag time ©
set at T/3 (=0.47 (s)), and the control gain k set at 2/T ( = 1.42 (1/s)). ‘

[0073] As shown in FIG. 6, comparison was made of the predicted Yaw angular speed
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against the observed values of the yaw angular speed after 1 (s) realized by dﬁving operation
by the test subject. The results also had poor reproduéibility of time response of yaw
ﬁngular speed, corresponding in the above test results, to the overshoot amount of the vehicle
path having poor reproducibility, as shown in FIG. 5 above. However, notwithstanding this,
there was a very high correlation between the predicted value of the yaw angular speed and- -
the observed values (correlation coefficient = 0.95), and it can be seen that the vehicle
'movement during driving operation by the test subject can be predicted with good precision.
[0074] As explained above, éccording to the driver warning device according to the present .
exemplary embodiment, by delaying the yaw angular speed, proportional to the deviation
angle of the direction of the target destination point after the forward gaze dﬁration; by the lag
time, and by using the delayed yaw angular speed as the predicted value of yaw angular speed
realized by steering wheel operation, the yaw angular épeed realized by steering wheel
operation by a driver can be predicted with high precision.

[0075] Furthermore, a driver model can be configured that does not employ a road surface
proﬁie parameter, such as the tangential direction of the target course, the differential value of
thé yaw angle and the like, for which sufﬁcieﬁt precision cannot be expected in detection '
from a forward direction image. _ |
[0076] Furthermore, by employing the predicted yaw angular speed as the yaw angular
speed in a normal driving state, and accidents can be prevented by outputting a warning when
the observed value of the yaw angular speed deviates greatly from the predicted yaw angular
speed. |

[0077] Lag time in human perception, decision making, and operation is conventionally
known, and considered in driver models. However, lag time in perception, decision making,
and operation is a biologically occurring duration not related to the forward gaze duratién,
and has been considered as a useless presence that degrades safety with relation to course
following objectives (Theoretical Research on the Stability of the Closed System Composed
of Look-ahead Driver and a Planer Vehicle by Takehiko Fujioka, published by the Society of
Automotive Engineers of Japan, 20075092, 2007). In contrast to this, in the present
exemplary embodiment, lag time has be noticed to be an important parameter for measuring
the timing of course following, and it has been discovered that people appropriately change
the lag time according to forward gaze duration. 4 '

[0078] Furthermore, the relationship between the forward gaze duration and the lag time, )

and the relationship between the forward gaze duration and gain, have been elucidated, and a
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driver model has been derived that predicts with good precision the vehicle movement
realized by steering wheel operation by a driver, using a simple configuration.

[0079] It should be noted that while explanation was given above of an example of the
exemplary embodiment in which the forward gaze duration was set fixed, there is no
limitation thereto. The forward gaze duration may be set according to the driving conditions
of a vehicle. The forward gaze duration is something that changes according to the degree of
tension of a driver, with this tension being influenced by the difficultly of the course being
traveled, the presence of obstacles in the near vicinity and vehicles close in front, and the like.
Under course conditions of high tension, a forward gaze duration of about the lower half of
the 1 second range is expected, and in course conditions of low tension about 2 seconds is
expected. Consequently, a long forward gaze duration may be set for a course with
relatively few changes, based on map data, with conditions in which there are no obstacles,
vehicles in front, or the like present. =~ However, a short forward gaze duration may be set
when travelling on a course with comparatively large changes, and when there are obstacles,
vehicles in front, or the like present.

[0080] The program of the present invention may be provided stored on a storage medium.
Another aspect of the present invention provides a computer-readable medium storing a
program causing a computer to execute a process for predicting a yaw angular speed, the
process for: detecting a deviation angle between a progression direction of a vehicle, and a
direction of a target destination point after a predetermined forward gaze duration on a target
course being travelled by the vehicle; and predicting a yaw angular speed proportional to the -
deviation angle detected by the target destination point deviation aﬁgle detection unit, as a
yaw angular speed realized by steering wheel operation by a driver after a predetermined lag

* time for matching a timing of change in vehicle movement to a timing of change in curvature

of the target course.

Explanation of the Reference Numera}s

[0081] 10 driver warning device
12 image capture device | |
14 vehicle speed sensor

18  yaw angular speed sensor

20 warning device

22 computer
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26 target destination point deviation angle detection unit
28 yaw angular speed prediction unit
30 warning control unit
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CLAIMS

1. A driver operation prediction device comprising:

a target destination point deviation angle detection unit that detects a deviation angle
between a pfogression direction of a vehicle, and a direction of a target destination point after
a predetermined forward gaze duration on a target course being travelled by the vehicle; and

a yaw angular speed prediction unit that predicts a yaw angular speed proportional to

the deviation angle detected by the target destination point deviation angle detection unit, as a
yaw angular speed realized by steering wheel operation by a driver after a predetermined lag
- time for matching a timing of change in vehicle movement to a timing of change in curvature

of the target course.

2. The driver operation prediction device of claim 1, wherein the ratio of the forward gaze

duration to the lag time is a value between 2.6 and 4.4.

3. The driver operation prediction device of claim 1, wherein a proportionality coefficient of"
the yaw angular speed to the deviation angle is determined such that the product of the

proportionality coefficient and the forward gaze duration is a value between 1.9 and 2.2.

4. The driver operation prediction device of claim 2, wherein a proportionality coefficient of
the yaw angular speed to the deviation angle is determined such that the product of the

proportionality coefficient and the forward gaze duration is a value between 1.9 and 2.2.

5. The driver operation prediction device of claim 1, further comprising:
- a ;Iéw angular speed detection unit that detects the yaw angular speed of the vehicle;
and .
-a warning control unit that controls such that a warning is output by an output device
when an absolute value of a deviation between the yaw ahgular speed predicted by the yaw
angular speed prediction unit and the yaw angular speed detected after the lag time by the yaw

angular speed detection unit is a specific value or greater.

6. The driver operation prediction device of claim 2, further comprising:

a yaw angular speed detection unit that detects the yaw angular speed of the vehicle;

16
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and
a warning control unit that controls such that a warning is output by an output device
when an absolute value of a deviation between the yaw angular speed predicted by the yaw
angular speed prediction unit and the yaw angular speed detected after the lag time by the yaw

angular speed detection unit is a specific value or greater.

7. The driver operation prediction device of claim 3, further comprising:

a yaw angular speed detection unit that detects the yaw angular speed of the vehicle;
and

a warning control unit that controls such that a warning is output by an output device
when an absolute value of a deviation between the yaw angular speed predicted by the yaw
angular speed prediction unit and the yaw angular speed detected after the lag time by the yaw

angular speed detection unit is a specific value or greater.

8. The driver operation prediction device of claim 4, further comprising:
a yaw angular speed detection unit that detects the yaw angular speed of the vehicle;
and | ,
" a warning control unit that controls such that a warning is output by an output device
when an absolute value of a deviation between the yaw angular speed predicted by the yaw
angular speed prediction unit and the yaw angular speed detected after the lag time by the yaw

angular speed detection unit is a specific value or greater.

9. The driver operation prediction device of claim 1, wherein the target destination point
deviation angle detection unit:
 computes a progression direction of the vehicle on a forward direction image that has

been output by an image capture device, based on a vehicle longitudinal direction pre-derived
on the forward direction image and on a slip angle of the vehicle; -

detects the target destination position on the forward direction image after the
forward gaze duration, based on the progreséion direction of the vehicle and on a forward
gaze distance obtained by the product of the predetermined forward gazé duration and a
Veﬁicle speed;

detects the target destination point after the forward gaze duration on the forward

direction image, based on the target course on the forward direction image and on the forward
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gaze distance obtained by the product of a pre-set forward gaze duration and the vehicle

speed; and _ _
detects the deviation angle, based on the predicted destination point that has been

detected and the position of the target destination point that has been detected.

10. The driver operation prediction device of claim 2, wherein the target destination point
deviation angle detection unit:

computes a progression direction of the vehicle on a forward direction image that has
been output by an image capture device, based on a vehicle longitudinal djrection pre-derived
on the forward direction imége and on a slip angle of the vehicle;

detects the target destination position on the forward direction image after the
forward gaze duration, based on the progression direction of the vehicle and on a forward
gaze distance obtained by the product of the predetermined forward gaze duration and a
vehicle speed; A

detects the target destination point after the forward gaze duration on the forward
direction image, based on the target course on the forward direction image and on the forward
gaie distance obtained by the product of a pre-set forward gaze duration and the vehicle
speed; and

detects the deviation angle, based on the predicted destination point that has been

detected and the position of the target destination point that has been detected.

11. The driver operation prediction device of claim 3, wherein the target destination point
deviation angle detection unit:

computes a progression direction of the vehicle dn a forward direction image that has
been output by an image capture device, based on a vehicle longitudinal direction pre-derived
on the forward direction image and on a slip angle of the vehicle;

detects the target destination position on the forward direction image after the
forward gaze duration, based on the progression direction of the vehicle and on a forward
gaze distance obtained by the product of the predetermined forward gaze duration and a
vehicle speed; \

detects the target destination point after the forward gaze duration on the forward
direction image, based on the target course on the forward direction image and on the forward

gaze distance obtained by the product of a pre-set forward gaze duration and the vehicle
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speed; and ' -
detects the deviation angle, based on the predicted destination point that has been

detected and the position of the target destination point that has been detected.

12.  The driver operation prediction device of claim 4, wherein the target destination point
deviation angle detection unit:

computes a progression direction of the vehicle on a forward direction image that has
been output by an image capture device, based on a vehicle longitudinal direction pre-derived
on the forward direction image and on a slip angle of the vehicle;

detects the target destination position on the forward direction image after the
forward gaze duration, based on thé progression direction of the vehicle and on a forward
gaze distance obtained by the product of the predetermined forward gaze duration and a
. vehicle speed;

detects the target destination point after the forward gaze duration on the forward
direction image, based on the target course on the forward direction image and on the forward
gaze distance obtained by the product of a pre-set forward gaze duration and the vehicle
speed; and |

detects the deviation angle, based on the predicted destination point that has been

detected and the position of the target destination point that has been detected.

13. The driver operation prediction device of claim 5, wherein the target destination point
deviation angle detection unit: _

computes a progression direction of the vehicle on a forward direction image that has
been output by an image capture device, based on a vehicle longitudinal direction pre-derived
on the forward direction image and on a slip angle of the vehicle; |

detects the target destination position on the forward direction image after the
forward gaze duration, based on the progression direction of the vehicle and on a forward
gaze distance obtained by the product of the predetermined forward gaze duration and a
vehicle speed; ‘ _

detects the target destination point after the forward gaze duration on the forward
direction image, based on the target course on the forward direction image and on the forward
gaze distance obtained by the product of a pre-set forward gaze duration and the vehicle

' speed; and
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detects the deviation angle, based on the predicted destination point that has been

detected and the position of the target destination point that has been detected.

14.- The driver operation prediction device of claim 6, wherein the target destination point
deviation angle detection unit: _

computes a progression direction of the vehicle on a forward direction image that has
been output by an image capture device, based on a vehicle longitudinal direqtion pre-derived
on the forward direction image and on a slip angle of the vehicle;

detects the target destination p0§ition on the forward direction image after the
forward gaze duration, based on the progression direction of the vehicle and on a forward
gaze distance obtained by the product of the predetermined forward gaze duration and a
vehicle speed; )

detects the target destination point after the forvyard gaze duration on the forward
direction image, based on the target course on the forward direction image and on the forward
gaze distance obtained by the product of a pre-éet forward gaze duration and the vehicle
speed; and

detects the deviation angle, based on the predicted destination point that has been

detected and the position of the target destination point that has been detected.

15. The driver operation prediction dévice bf claim 7, wherein the target destination point
deviation angle detection unit:

compufes a progression direction of the vehicle on a forward direction image that has
been output by an image capture device, based on a vehicle longitudinal direction pre-derived
on the forward direction image and on a slip angle of the vehicle;

detects the target destination position on the forward direction image after the
forward gaze duration, based on the progression direction of the vehicle and on a forward
gaze distance obtained by the product of the predetermined forward gaze duration and a -
vehicle speed; \ o

detects the target destination point after the forward gaze duration on the fprward »
direction image, based on the target course on the forward direction image and on the forward
gaze distance obtained by the product of a pre-set forward gaze duration and the vehicle
speed; and

detects the deviation angle, based on the predicted destination point that has been
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detected and the position of the target destination point that has been detected.

16. The driver operation prediction device of claim 8, wherein the target destination point
deviation angle detection unit: _

computes a progression direction of the vehicle on a forward direction image that has
been output by an image capture device, based on a vehicle longitudinal direction pre-derived
on the forward direction image and on a slip angle of the vehicle; | |

detects the target destination position on the forward direction image after the
~ forward gaze duration, based on the progression direction of the vehicle and on a forward
gaze distance obtained by the product of the predetermined forward gaze duration and a
vehicle speed; | -

detects the target destination point after the forward gaze duration on the forward
direction image, based on the target course on the forward direction image and on the forward
gaze distance obtained by the product of a pre-set forward gaze duration and the vehicle
speed; and

detects the deviation angle, based on the predicted destination point that has been

" detected and the position of the target destination point that has been detected.

17. A program that causes a computer to function as:

~ atarget destination point deviation angle detection unit that detects a deviation angle
between a progression direction of a vehicle, and a direct/ion of a target destination point after
a predetermined forward gaze duration on a target course being travelled by the vehicle; and ,

a yaw angular speed prediction unit that predicts a yaw angular speed proportional to

the deviation angle detected by the target destination point deviation angle detection unit, as a
yaw angular speed realized by steering wheel operation by a driver after a predetermined lag
time for matching a timing of change in vehicle movement to a timing of change in curvature

~ of the target course.

18. A driver operation prediction method comprising:

detecting a deviation angle between a progression direction of a vehicle, and a
direction of a target destination point after a predetermined forward gaze duration on a target
course being travelled by the vehicle; and

“predicting a yaw angular spéed proportional to the detected deviation angle, as a yaw
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angular speed realized by steering wheel operation by a driver after a predetermined lag time

for matching a timing of change in vehicle movement to a timing of change in curvature of

the target course.
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