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(54) DRIVING ASSISTANCE DEVICE

(57) A driving assistance apparatus includes a plu-
rality of model candidates that define a correspondence
relationship between a driving operation performed by a
driver and information indicating relative positions of a
moving body detected on a periphery of a host vehicle
and the host vehicle. The driving assistance apparatus
determines a model to be used from among the plurality
of model candidates on the basis of information relating
to the detected moving body (S101), and executes driv-
ing assistance (S113) on the basis of the determined
model and a driving operation performed by the driver
following detection of the moving body (S104). Prefera-
bly, the determined model can be updated on the basis
of the determined model and the driving operation per-
formed by the driver following detection of the moving
body.
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Description

TECHNICAL FIELD

[0001] The invention relates to a driving assistance apparatus.

BACKGROUND ART

[0002] A technique of recognizing a pedestrian is available in the related art. Patent Document 1, for example, discloses
a technique in which, when a pedestrian is detected from an input image captured by an infrared camera, deceleration
control is performed to decelerate a vehicle speed to a predetermined speed using a brake operation or the like, and
warning control is performed to issue notification of the existence of the pedestrian using a lamp, a buzzer, or a voice
from a speaker.
[0003] Patent Document 1: Japanese Patent Application Publication No. 2005-196590 (JP 2005-196590 A)

SUMMARY OF THE INVENTION

[0004] Here, reactions to pedestrians vary among drivers, and therefore, when assistance is provided uniformly on
the basis of information relating to a recognized pedestrian, the driver may experience a sense of discomfort. It is
desirable to be able to perform driving assistance in accordance with the feelings of the driver to prevent the driver from
experiencing a sense of discomfort.
[0005] An object of the invention is to provide a driving assistance apparatus that can provide driving assistance while
suppressing a sense of discomfort experienced by a driver.
[0006] A driving assistance apparatus according to the invention includes a plurality of model candidates that define
a correspondence relationship between a driving operation performed by a driver and information indicating relative
positions of a moving body detected on a periphery of a host vehicle and the host vehicle. The driving assistance
apparatus determines a model to be used from among the plurality of model candidates on the basis of information
relating to the detected moving body, and executes driving assistance on the basis of the determined model and a driving
operation performed by the driver following detection of the moving body.
[0007] In the driving assistance apparatus described above, preferably, the determined model can be updated on the
basis of the determined model and the driving operation performed by the driver following detection of the moving body.
[0008] In the driving assistance apparatus described above, a compatibility between the determined model and the
driving operation performed by the driver following detection of the moving body is preferably calculated on the basis of
a predetermined number of samples of a correspondence relationship between the model and the driving operation,
and when the compatibility is smaller than a set reference value, the model is preferably updated.
[0009] In the driving assistance apparatus described above, the determined model is preferably updated in accordance
with both a short-term compatibility and a long-term compatibility with the driving operation performed by the driver
following detection of the moving body.
[0010] In the driving assistance apparatus described above, the driving assistance is preferably based on a degree
of deviation between the determined model and the driving operation performed by the driver following detection of the
moving body.
[0011] The driving assistance apparatus according to the invention includes the plurality of model candidates that
define the correspondence relationship between the driving operation performed by the driver and the information indi-
cating the relative positions of the moving body detected on the periphery of the host vehicle and the host vehicle. The
driving assistance apparatus determines the model to be used from among the plurality of model candidates on the
basis of the information relating to the detected moving body, and executes the driving assistance on the basis of the
determined model and the driving operation performed by the driver following detection of the moving body. Hence, with
the driving assistance apparatus according according to the invention, driving assistance can be provided while sup-
pressing a sense of discomfort experienced by a driver.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

[FIG. 1] FIG. 1 is a flowchart showing an operation of a driving assistance apparatus according to an embodiment.
[FIG. 2] FIG. 2 is a view showing functions of the driving assistance apparatus according to this embodiment.
[FIG. 3] FIG. 3 is a block diagram showing the driving assistance apparatus according to this embodiment.
[FIG. 4] FIG. 4 is a view showing a nervous driving model.
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[FIG. 5] FIG. 5 is a view showing a standard driving model.
[FIG. 6] FIG. 6 is a view showing a relaxed driving model.
[FIG. 7] FIG. 7 is a view illustrating a predicted side passage distance.
[FIG. 8] FIG 8 is a view illustrating a deceleration rate.
[FIG. 9] FIG. 9 is a view showing a subject vehicle speed region.
[FIG. 10] FIG. 10 is a view showing an example of a decision tree relating to model selection.
[FIG. 11] FIG. 11 is a flowchart showing a model updating operation.
[FIG. 12] FIG. 12 is a view showing an example of calculation of a compatibility.
[FIG. 13] FIG. 13 is a view showing an example of a model shift performed by a model update determination unit.
[FIG. 14] FIG. 14 is a view illustrating a deviation and a degree of deviation recognition.
[FIG. 15] FIG. 15 is a view showing an example of the number of data required for a model update.
[FIG. 16] FIG. 16 is a view showing a front crossing driving model.
[FIG. 17] FIG. 17 is a view showing an example of a driving model on which the ordinate shows an operation timing.

MODES FOR CARRYING OUT THE INVENTION

[0013] A driving assistance apparatus according to an embodiment of the invention will be described in detail below
with reference to the drawings. Note that the invention is not limited to this embodiment. Further, constituent elements
in the following embodiments include elements that could be replaced easily by persons skilled in the art or substantially
identical elements.

[Embodiment]

[0014] An embodiment will be described with reference to FIGS. 1 to 16. This embodiment relates to a driving assistance
apparatus. FIG. 1 is a flowchart showing an operation of the driving assistance apparatus according to this embodiment,
FIG. 2 is a view showing functions of the driving assistance apparatus according to this embodiment, and FIG. 3 is a
block diagram showing the driving assistance apparatus according to this embodiment.
[0015] A driving assistance apparatus 1-1 according to this embodiment models a reaction of a driver to a posture
and movement of a pedestrian and, using a modeling result as a reference, determines whether or not the reaction of
the driver deviates from the reference. When a difference between the reaction of the driver and the modeled reference
reaction is large, or when the difference is predicted to be large, the driving assistance apparatus 1-1 performs driving
assistance. Hence, with the driving assistance apparatus 1-1 according to this embodiment, driving assistance can be
executed on the basis of the reaction of the driver to the pedestrian, and as a result, driving assistance can be performed
while suppressing a sense of discomfort experienced by the driver.
[0016] As shown in FIG. 2, the driving assistance apparatus 1-1 according to this embodiment includes a driving
characteristic estimation function and a driving assistance function. The driving characteristic estimation function is used
to estimate a driving characteristic of the driver relative to an object. Here, the object is a moving body on a periphery
of a host vehicle, for example a moving body in front of the host vehicle. Further, the moving body includes a pedestrian,
a light vehicle such as a motorcycle, and another object that moves along a road. The driving assistance apparatus 1-1
includes a default driving behavior reference created in advance in relation to the object. Driving assistance is performed
on the basis of the default driving behavior reference before sufficient sampling has been performed to estimate the
driving characteristic of the driver. With the driving characteristic estimation function, the driving characteristic can be
estimated on the basis of actual driving operations performed by the driver, whereupon the driving behavior reference
can be updated.
[0017] The driving assistance function is used to perform driving assistance on the basis of the driving behavior
reference. The driving assistance function predicts a difference between the driving behavior reference and an actual
driving operation performed by the driver, and then determines whether or not to perform driving assistance and deter-
mines an assistance level of the driving assistance. The driving assistance apparatus 1-1 according to this embodiment
performs driving assistance on the basis of not only information relating to the pedestrian or other moving body, but also
the driving operation performed by the driver. When driving assistance is provided uniformly on the basis of information
relating to the moving body, the driving assistance may not correspond to the feelings of the driver. With respect to
identical driving assistance, for example, a highly skilled driver may feel that the assistance is excessive and intrusive,
whereas a poorly skilled driver may wish for a higher level of assistance.
[0018] By providing driving assistance on the basis of an actual driving operation, the driving assistance apparatus
1-1 according to this embodiment can provide driving assistance that takes into account the reaction of the driver to the
posture and movement of the pedestrian or the like. By determining whether or not to provide assistance and determining
the assistance level on the basis of the reaction to the moving body, driving assistance corresponding to the feelings of
the driver can be performed. Further, by determining the assistance level on the basis of the driving operation, the
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assistance level can be determined to reduce a risk of approaching the pedestrian or the like by notifying the driver of
the existence of the pedestrian or the like when the driver performs a driving operation that deviates from a normal
operation.
[0019] As shown in FIG. 3, the driving assistance apparatus 1-1 includes an object information calculation unit 10, a
model database 11, a host vehicle information gathering unit 12, a model selection unit 13, a model update determination
unit 14, a model determination unit 15, a driving behavior prediction unit 16, a driving behavior prediction determination
unit 17, an assistance determination unit 18, an alerting assistance unit 19, a vehicle control assistance unit 20, and an
alerting device 30.
[0020] The object information calculation unit 10 calculates information relating to the moving body serving as the
object. In the following description, a case in which the moving body is a pedestrian will be described as an example.
The object information calculation unit 10 obtains information relating to the pedestrian on the basis of detection results
from various vehicle exterior environment sensors. The vehicle exterior environment sensors are constituted by a mil-
limeter wave radar, a camera, and so on, for example. The object information calculation unit 10 calculates information
indicating a position of the pedestrian, information indicating a posture of the pedestrian, information indicating behavior
of the pedestrian, information indicating attributes of the pedestrian, and the like on the basis of the detection results
from the vehicle exterior environment sensors. The information indicating the position of the pedestrian includes a relative
position of the pedestrian relative to the host vehicle, and a relative position of the pedestrian relative to a lane in which
the host vehicle is traveling. The information indicating the posture of the pedestrian includes an orientation of an upper
body part of the pedestrian, an orientation of a face of the pedestrian, and a posture of the pedestrian (standing, leaning
forward, and so on). The information indicating the behavior of the pedestrian includes an advancement direction of the
pedestrian and a movement speed of the pedestrian. The information indicating the attributes of the pedestrian includes
the age, sex, clothing, and occupation of the pedestrian. Calculation results obtained by the object information calculation
unit 10 are transmitted to the model selection unit 13.
[0021] The host vehicle information gathering unit 12 gathers information relating to the host vehicle. More specifically,
the host vehicle information gathering unit 12 obtains a position of the host vehicle, a speed of the host vehicle, a steering
angle of the host vehicle, an accelerator depression amount, a brake depression amount, a steering wheel operation
amount, and so on. A signal indicating the information gathered by the host vehicle information gathering unit 12 is
transmitted to the model selection unit 13.
[0022] The model selection unit 13 selects a driving model on the basis of the object information. A plurality of models
are stored in the model database 11. The model selection unit 13 determines a driving model to be used for control from
among the models stored in the model database 11 on the basis of features of the pedestrian such as the posture and
behavior of the pedestrian.
[0023] More specifically, the model selection unit 13 observes the pedestrian (see reference numeral 42 in FIG. 8)
from a reference measurement trigger time (a point at which P0 is passed in FIG. 8) to a measurement trigger time (a
point at which P1 is passed in FIG. 8), and selects a model on the basis of (a) the position (a fixed distance within or
outside a travel lane of the host vehicle), (b) the speed (steady or non-steady), (c) the advancement direction (crossing
or parallel), (d) the posture (standing or walking), (e) the posture orientation (oriented toward the road or other), (f) the
orientation of the upper body part (confirming or not confirming the host vehicle direction), and so on of the pedestrian,
obtained by the object information calculation unit 10.
[0024] Driving models shown in FIGS. 4 to 6 are examples of the models stored in the model database 11. FIG. 4 is
a view showing a nervous driving model. FIG. 5 is a view showing a standard driving model. FIG. 6 is a view showing
a relaxed driving model. The driving models shown in FIGS. 4 to 6 are examples of a plurality of model candidates that
define a correspondence relationship between a driving operation performed by the driver and information indicating
relative positions of a moving body detected on the periphery of the host vehicle and the host vehicle. In FIGS. 4 to 6,
the abscissa shows a predicted side passage distance, and the ordinate shows a deceleration rate.
[0025] FIG. 7 is a view illustrating the predicted side passage distance. The predicted side passage distance is a
predicted value of a distance W between a host vehicle lane 40 and a pedestrian 42 serving as the object when a host
vehicle 100 passes a position Pw on the host vehicle lane 40 corresponding to a position of the pedestrian 42. In other
words, the predicted side passage distance is a predicted value of an interval W between the pedestrian 42 serving as
the object and the host vehicle lane 40 when the host vehicle 100 passes the pedestrian 42 from the side. The interval
W between the pedestrian 42 and the host vehicle lane 40 can be set as a magnitude of a gap between a white line 41
on a sidewalk side of the host vehicle lane 40 and the pedestrian 42, for example. Note, however, that the invention is
not limited thereto, and the interval W between the pedestrian 42 and the host vehicle lane 40 may be an interval between
a curbstone and the pedestrian 42 or the like, for example. In other words, the predicted side passage distance is a
predicted value of a distance between a reference line or a reference point on the host vehicle lane 40 and the pedestrian
42 when the host vehicle 100 passes by the side of the pedestrian 42. Note that the predicted side passage distance
may be set as the magnitude of a gap between the host vehicle 100 and the pedestrian 42. The predicted side passage
distance corresponds to a relative position between the moving body detected on the periphery of the host vehicle and
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the host vehicle. The relative position is not, however, limited to the predicted side passage distance.
[0026] The deceleration rate is a deceleration rate of the host vehicle 100 in a predetermined section of the host vehicle
lane 40 preceding the pedestrian 42. FIG. 8 is a view illustrating the deceleration rate, and FIG. 9 is a view showing a
subject vehicle speed region. As shown in FIG. 8, a first point P0 and a second point P1 in the host vehicle lane 40 are
defined on the basis of a relative distance to the pedestrian 42 serving as the object. The deceleration rate of the host
vehicle 100 in a section between the first point P0 and the second point P1 is calculated.
[0027] A vehicle speed V0 of the host vehicle 100 is measured using arrival of the host vehicle 100 at the first point
P0 as a reference measurement trigger. The vehicle speed V0 will also be referred to as a "reference host vehicle speed
V0". The driving assistance apparatus 1-1 monitors the speed of the host vehicle 100 while the host vehicle 100 travels
between the first point P0 and the second point P1, and stores a minimum value of the vehicle speed within this section
as a minimum host vehicle speed V1. The deceleration rate is calculated using arrival of the host vehicle 100 at the
second point P1 as a measurement trigger. The deceleration rate is calculated in accordance with Equation (1) shown
below. 

[0028] Note that when the reference host vehicle speed V0 is a vehicle speed outside the subject vehicle speed region,
the minimum host vehicle speed V1 is not measured, and the deceleration rate is not calculated. As shown in FIG. 9,
the subject vehicle speed region is determined as a vehicle speed region extending from a minimum vehicle speed Vmin
to a maximum vehicle speed Vmax. The minimum vehicle speed Vmin is determined as a vehicle speed at which it can
be estimated that the host vehicle 100 is traveling at a sufficiently low speed, for example. The maximum vehicle speed
Vmax is determined as a vehicle speed at which a time to collision TTC at the first point P0 is equal to or smaller than
a fixed time, for example.
[0029] Hence, the predicted side passage distance is based on information relating to the pedestrian or other moving
body, while the deceleration rate indicates the driving operation performed by the driver. Accordingly, the driving models
shown in FIGS. 4 to 6 are models defining the correspondence relationship between the information relating to the
moving body and the driving operation.
[0030] As shown in FIGS. 4 to 6, a high risk region R1, R2, R3, a reference region S1, S2, S3, and a low risk region
T1, T2, T3 are set on each model. The reference region S1, S2, S3 is a region indicating a deceleration rate width serving
as a reference relative to the predicted side passage distance. The reference regions S1, S2, S3 are determined on the
basis of a probability distribution using the deceleration rate as a random variable, for example. The reference regions
S1, S2, S3 of the default driving models are determined on the basis of deceleration rate data obtained from experiment
results and the like, for example. The reference regions S1, S2, S3 are determined as regions including a fixed proportion
of data, including central value data, of all of the obtained data, for example. Further, as will be described below, the
reference regions S1, S2, S3 are updated on the basis of deceleration rates generated during driving operations performed
by the driver in the past.
[0031] The high risk regions R1, R2, R3 are regions having lower deceleration rates than the reference regions S1,
S2, S3. The high risk regions R1, R2, R3 are regions in which increased risk can be predicted in the relationship between
the host vehicle 100 and the pedestrian 42, for example regions in which it may be predicted that the possibility of the
host vehicle 100 approaching the pedestrian 42 such that a sufficient interval can no longer be maintained between the
host vehicle 100 and the pedestrian 42 is high. The high risk regions R1, R2, R3 include a region in which the deceleration
rate is negative, or in other words a case in which the host vehicle 100 accelerates rather than decelerates between the
first point P0 and the second point P1. High risk side boundary lines H1, H2, H3 serving as boundary lines between the
respective reference regions S1, S2, S3 and the respective high risk regions R1, R2, R3 are straight deceleration lines
on which the reference host vehicle speed V0 is at the minimum vehicle speed Vmin. The high risk side boundary lines
H1, H2, H3 may by curved lines.
[0032] The low risk regions T1, T2, T3 are regions having higher deceleration rates than the reference regions S1,
S2, S3. Low risk side boundary lines L1, L2, L3 serving as boundary lines between the respective reference regions S1,
S2, S3 and the respective low risk regions T1, T2, T3 are straight deceleration lines on which the reference host vehicle
speed V0 is at the minimum vehicle speed Vmax. The low risk side boundary lines L1, L2, L3 may by curved lines.
[0033] The nervous driving model shown in FIG. 4 is a driving model used in a situation where the driver feels a
comparatively high degree of nervousness. The nervous driving model is selected when, for example, the distance
between the lane 40 in which the host vehicle 100 is traveling and the pedestrian 42 is small.
[0034] The relaxed driving model shown in FIG. 6 is a driving model used in a situation where the driver feels a low
degree of nervousness and is therefore capable of dealing with the situation in a relaxed manner. The relaxed driving
model is selected when, for example, the pedestrian 42 is standing away from the host vehicle lane 40 and is oriented
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toward an opposite side to the host vehicle lane 40 side.
[0035] The standard driving model shown in FIG. 5 is an intermediate driving model between the nervous driving
model and the relaxed driving model. In other words, the standard driving model is a driving model used in a situation
where the driver feels an intermediate degree of nervousness.
[0036] FIG. 10 is a view showing an example of a decision tree relating to model selection. The model selection unit
13 according to this embodiment selects a model in accordance with the decision tree shown in FIG. 10, for example.
Model selection is performed when the pedestrian 42 is detected in front of the host vehicle 100, and a model is selected
on the basis of the information relating to the pedestrian 42 every time the pedestrian 42 is detected by the object
information calculation unit 10, for example. Note that when a plurality of pedestrians 42 are detected, a model may be
selected for each pedestrian 42, and the model having the highest degree of nervousness from among the selected
models may be used for control.
[0037] On the decision tree, first, a determination is made according to the position of the pedestrian 42. The model
selection unit 13 determines whether or not the pedestrian 42 is on the outside of the host vehicle lane 40 and within a
fixed distance from the host vehicle lane 40. When the pedestrian 42 is within the fixed distance from the host vehicle
lane 40, the nervous driving model is selected.
[0038] When the pedestrian 42 is not within the fixed distance from the host vehicle lane 40, a determination is made
according to the posture of the pedestrian 42. The model selection unit 13 determines whether the pedestrian 42 is
standing or walking. When the pedestrian 42 is determined to be in a standing posture, a determination is made according
to the orientation of the posture of the pedestrian 42. When the pedestrian 42 is determined to be walking, on the other
hand, a determination is made according to the advancement direction of the pedestrian 42.
[0039] In the determination relating to the orientation of the posture of the pedestrian 42, a determination is made as
to whether the pedestrian 42 is oriented toward the host vehicle lane 40 side or the opposite side to the host vehicle
lane 40 (i.e. outward). The model selection unit 13 selects the standard driving model after determining that the pedestrian
42 is oriented toward the host vehicle lane 40 side, and selects the relaxed driving model after determining that the
pedestrian 42 is oriented outward.
[0040] In the determination relating to the advancement direction of the pedestrian 42, a determination is made as to
whether the advancement direction of the pedestrian 42 is a direction crossing the host vehicle lane 40 or a direction
advancing parallel to the host vehicle lane 40. The model selection unit 13 selects the standard driving model after
determining that the advancement direction of the pedestrian 42 is the direction crossing the host vehicle lane 40. After
determining that the advancement direction is the direction advancing parallel to the host vehicle lane 40, on the other
hand, the model selection unit 13 makes a determination according to the speed of the pedestrian 42.
[0041] In the determination relating to the speed, a determination is made as to whether the movement speed of the
pedestrian 42 is a steady speed or a non-steady speed. The model selection unit 13 selects the relaxed driving model
when the movement speed of the pedestrian 42 is a steady speed, and selects the standard driving model when the
movement speed of the pedestrian 42 is a non-steady speed. Note that a corresponding model may be selected from
among a plurality of models similarly in relation to a moving body other than a pedestrian.
[0042] The elements that are determined in order to select the model are not limited to those shown in the drawing.
For example, a determination may be made according to the orientation of the upper body part of the pedestrian 42.
When the upper body part is oriented so as to confirm the direction of the host vehicle 100, a model having a relatively
low degree of nervousness may be selected, and in other cases, a model having a relatively high degree of nervousness
may be selected.
[0043] The model update determination unit 14 performs processing to update the model selected by the model
selection unit 13. The model update determination unit 14 can update the model determined for use on the basis of the
determined model and the driving operation performed by the driver following detection of the moving body. FIG. 11 is
a flowchart showing a model updating operation. The model update determination unit 14 updates the model in accord-
ance with the flowchart shown in FIG. 11, for example. The flowchart shown in FIG. 11 is executed when a model has
been selected by the model selection unit 13.
[0044] In step S201, a compatibility is calculated by the model update determination unit 14. The compatibility indicates
a degree of compatibility between the selected model and the driving characteristic of the driver. Further, the compatibility
indicates a degree of compatibility between the model determined for use and the driving operation performed by the
driver following detection of the moving body. The model update determination unit 14 includes a short-term update
determination unit 14a that performs a short-term update on the basis of a short-term compatibility, and a long-term
update determination unit 14b that performs a long-term update on the basis of a long-term compatibility.
[0045] The short-term update is performed on the basis of a specified number of most recent samples. For example,
when the currently selected model is the standard driving model, driving operations performed by the driver when the
standard driving model was selected in the past are stored as samples. In other words, the sample indicates the rela-
tionship between the information relating to the moving body, obtained when a moving body such as a pedestrian was
detected in the past, and the driving operation performed by the driver following detection of the moving body, and also



EP 2 759 996 A1

7

5

10

15

20

25

30

35

40

45

50

55

indicates the correspondence relationship between the model determined for use and the operation performed by the
driver following detection of the moving body. When a specified predetermined number of samples (four, for example)
have been obtained, the short-term compatibility is calculated on the basis of the stored predetermined number of
samples. The compatibility is calculated in accordance with Equation (2) shown below. 

Here, N1 is the number of samples obtained outside the high risk region, and Nt is the total number of samples.
[0046] FIG. 12 is a view showing an example of calculation of the compatibility. In FIG. 12, the compatibility is calculated
from a total of four samples, namely one sample obtained in the high risk region R2 and three samples obtained outside
the high risk region R2. In this case, the compatibility is calculated at 75% in Equation (2). When the compatibility has
been calculated, the processing advances to step S202.
[0047] In step S202, the model update determination unit 14 determines whether or not the compatibility equals or
exceeds a certain value. A threshold for the determination of step S202 is a reference value for determining whether or
not the model is compatible with the driving characteristic of the driver, and is set at 80%, for example. When it is
determined as a result of the determination of step S202 that the compatibility equals or exceeds the threshold (step
S202 - Y), the processing advances to step S203, and in all other cases (step S202 - N), the processing advances to
step S204.
[0048] In step S203, model updating by the model update determination unit 14 is switched to driving behavior prediction
processing. Following execution of step S203, the current control flow is terminated.
[0049] In step S204, the model update determination unit 14 shifts to a model having a smaller risk region within a
possible range. FIG. 13 is a view showing an example of the model shift performed by the model update determination
unit 14. As shown in FIG. 13, post-shift high risk regions R11, R21, R31 are respectively smaller than the pre-shift high
risk regions R1, R2, R3. In a single shift, for example, the reference regions S1, S2, S3 are shifted to an origin side such
that the high risk regions R1, R2, R3 are respectively reduced by a fixed amount or a fixed proportion. As an example,
a maximum value of the deceleration rate in each high risk region R1, R2, R3 is shifted so as to be reduced by a fixed
proportion relative to the corresponding predicted side passage distance.
[0050] When the driver is highly skilled, for example, the default high risk regions R1, R2, R3 may be too wide, and
as a result, the selected model may not match the driving characteristic of the driver. A highly skilled driver may be able
to assess the behavior of the pedestrian 42 and perform appropriate avoidance behavior without decelerating greatly.
In other words, on the default models, the deceleration rates set as the high risk regions R1, R2, R3 may, depending
on the driver, be deceleration rates that ought to be classified as the reference regions S1, S2, S3. When driving
assistance based on the default models is performed in relation to this type of driver, the driver may feel that the assistance
is intrusive. When the model is shifted on the basis of the compatibility calculated from the driving operations of the
driver, on the other hand, the high risk regions R11, R21, R31 can be updated to become more appropriate. As a result,
driving assistance can be provided in accordance with the needs of the driver
[0051] The short-term update is preferably executed repeatedly until the compatibility equals or exceeds the threshold.
When the compatibility reaches or exceeds the threshold as a result of the short-term updates, short-term updating of
the model is terminated. Here, the driving characteristic of the driver may vary over the long term. For example, the
driving characteristic may vary when the skill of the driver improves or the driver becomes accustomed to the vehicle,
and as a result, the compatibility of the models may decrease. In this embodiment, therefore, a long-term update is
executed on the models. In the long-term update, a long-term compatibility is calculated on the basis of samples obtained
over a specified period. The samples used to calculate the long-term compatibility may be all of the samples obtained
over the specified period, the most recent samples obtained within a fixed period, or a specified number of most recent
samples. When the long-term compatibility is smaller than a threshold, the models are shifted in a similar manner to the
short-term update. By performing the long-term update, a degree of assistance is updated in accordance with variation
in a driving condition of the driver. As a result, the driver can continue using the driving assistance technology for a long
time.
[0052] Note that when the models are shifted, a fixed limitation is preferably applied to the shift. When, for example,
driving assistance is provided by voice, video, or the like, measures must be taken to ensure that temporal leeway can
be secured between provision of the assistance and the performance of avoidance behavior by the driver. Hence, a
minimum securable region is preferably determined in the post-shift high risk regions R11, R21, R31. When the model
shift has been performed in step S204, the processing advances to step S201.
[0053] Note that the models may be updated when deceleration resulting from the driving operation performed by the
driver deviates from the low risk region T1, T2, T3. In this case, N1 may be set as the number of samples obtained
outside the low risk region in Equation (2) used to calculate the compatibility. When the compatibility does not equal or
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exceed the threshold, the reference regions S1, S2, S3 are shifted to an opposite side to the origin side so as to reduce
the low risk regions T1, T2, T3. By updating the models in this manner, appropriate driving assistance can be performed
in a case where a driver who tends to decelerate greatly when a pedestrian is in front deviates from a normal deceleration
operation. In other words, the models can be updated so as to reduce risk in accordance with the driving characteristic
of the driver.
[0054] The model determination unit 15 determines the model to be used in the control. The model determination unit
15 determines the driving model on the basis of the update result generated by the model update determination unit 14
and the information gathered by the host vehicle information gathering unit 12. For example, when the models have
been updated by the model update determination unit 14, an updated model is selected as the model to be used for
assistance determination instead of a pre-update model.
[0055] The driving behavior prediction unit 16 includes a side passage distance prediction unit 16a and a deceleration
rate calculation unit 16b. The side passage distance prediction unit 16a calculates the predicted side passage distance
at the point
[0056] (the second point PI) serving as the measurement trigger. The predicted side passage distance can be calculated
on the basis of the calculation result generated by the object information calculation unit 10 and the information gathered
by the host vehicle information gathering unit 12. The deceleration rate calculation unit 16b calculates the reference
host vehicle speed V0 and the minimum host vehicle speed V1 from the speed detected by the host vehicle information
gathering unit 12, and calculates the deceleration rate using Equation (1).
[0057] The driving behavior prediction determination unit 17 calculates a deviation from a driving operation reference.
FIG. 14 is a view illustrating the deviation and a degree of deviation recognition. In FIG. 14, the downward ordinate
shows the deviation, and the leftward abscissa shows the degree of deviation recognition of the driver. The deviation is
a degree by which an actual deceleration rate generated by the driving operation performed by the driver deviates from
the reference region S2. When the deceleration rate generated by the driving operation takes a value within the reference
region S2 relative to the calculated predicted side passage distance, the deviation is zero. When the deceleration rate
generated by the driving operation takes a value outside the reference region S2, on the other hand, the deviation is
calculated at a value other than zero, and as the value of the deceleration rate generated by the driving operation diverges
from the reference region S2, the deviation increases in magnitude.
[0058] The magnitude of the deviation is calculated using the width of the reference region S2 as a unit. As shown in
FIG. 14, a single unit of the deviation is a difference between a maximum value and a minimum value of the reference
region S2 at the calculated predicted side passage distance, or in other words the width of the reference region S2 in
the ordinate direction. When the deceleration rate generated by the driving operation takes a value within the high risk
region R2, a value obtained by dividing a difference between a deceleration rate value on the high risk side boundary
line H2 and the value of the deceleration rate generated by the driving operation by a single unit of the deviation serves
as the deviation.
[0059] Note that the deviation may be calculated when the deceleration rate generated by the driving operation takes
a value within the low risk region T2. In this case, a value obtained by dividing a difference between a deceleration rate
value on the low risk side boundary line L2 and the value of the deceleration rate generated by the driving operation by
a single unit of the deviation serves as the deviation. When the deceleration rate generated by the driving operation
takes a value within the low risk region T2, the deviation may be set at a negative value.
[0060] The assistance determination unit 18 determines whether or not to perform driving assistance on the basis of
the deviation, and determines the assistance level at which the driving assistance is to be performed. The driving
assistance includes alerting assistance, in which information is transmitted to the driver by voice, light, video, vibration,
or the like, and vehicle control assistance, in which the host vehicle 100 is controlled to assist avoidance behavior and
so on. A plurality of assistance levels differing in a degree of stimulation, a degree of intervention through control, and
so on may be set respectively for the altering assistance and the vehicle control assistance.
[0061] A correspondence relationship between the deviation and the assistance level may be determined in advance
using a method described below, for example. In FIG. 14, a dotted line 300 indicates a distribution function (a probability
density function) obtained as a result of a sensory evaluation, and a solid line 301 indicates a probability distribution
function. The distribution function 300 is created on the basis of results of a psychological survey. The psychological
survey is performed to determine a deviation at which each of a plurality of drivers starts to become aware of having
deviated from a driving operation in the reference region S2. At a deviation having a central value on the distribution
function 300, half of the drivers become aware of having deviated from the reference region S2.
[0062] The probability distribution function 301 is a curve obtained by integrating the distribution function 300. The
probability distribution function 301 is a psychological deviation curve expressing the degree to which the driver recognizes
the deviation in a sensory manner. The assistance level is determined in accordance with the probability distribution
function 301, for example. As the probability distribution function 301 increases, a driving operation that makes the driver
aware of having deviated from the reference region S2 is more likely to be performed. In other words, when the calculated
deviation is a deviation corresponding to a large value of the probability distribution function 301, the driver is more likely
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to be driving without noticing the existence of the pedestrian 42 or, having noticed the pedestrian 42, to be driving without
taking sufficient care. To put it another way, as the value of the probability distribution function 301 increases, the driver
is more likely to accept driving assistance. Furthermore, as the value of the probability distribution function 301 increases,
driving assistance having a high assistance level may be more preferable.
[0063] Hence, by determining whether or not to provide driving assistance and determining the assistance level at
which the driving assistance is to be provided on the basis of the value of the probability distribution function 301, delayed
awareness by the driver can be suppressed, and appropriate driving assistance unlikely to cause the driver to experience
a sense of discomfort can be provided. Further, by increasing the assistance level in accordance with the magnitude of
the probability distribution function 301, the driver can be made aware in a sensory manner of the amount by which the
driving operation deviates from a reference driving operation, and as a result, the driver can obtain a sense of the
effectiveness of the driving assistance.
[0064] In a situation where it is predicted to be difficult for the driver to perform appropriate avoidance behavior following
the alerting assistance, the assistance determination unit 18 determines that the vehicle control assistance is to be
performed. When the deceleration rate is small, the time required for the host vehicle 100 to approach the pedestrian
42 shortens. Therefore, when the driver starts to perform an avoidance operation after being made aware of the pedestrian
42 by the alerting assistance, an avoidance timing may be late, and as a result, it may be impossible to reduce the risk
sufficiently. The assistance determination unit 18 determines whether or not to perform the vehicle assistance control
on the basis of the time to collision TTC and the predicted side passage distance, for example.
[0065] The assistance determination unit 18 executes the determined driving assistance. The alerting assistance unit
19 controls the alerting device 30 on the basis of an alerting assistance execution command issued by the assistance
determination unit 18. The alerting device 30 is an information transmission device that transmits information to the
driver by voice, light, video, vibration, or other stimulation. The alerting device 30 is capable of transmitting information
at a plurality of assistance levels having different stimulation strengths or the like. For example, when information is
transmitted to the driver by a buzzer sound, the volume of the sound may be increased or an interruption interval of the
sound may be shortened as the assistance level increases.
[0066] The vehicle control assistance unit 20 executes the vehicle control assistance on the basis of a vehicle control
assistance execution command issued by the assistance determination unit 18. The vehicle control assistance unit 20
is capable of controlling a motor, a brake device, a steering device, and so on, and by controlling these components,
the vehicle control assistance unit 20 can assist the driving operation performed by the driver, for example an operation
to prevent the driver from approaching the pedestrian 42 or the like.
[0067] Here, referring to FIG. 1, a flow of the driving assistance according to this embodiment will be described. The
control flow shown in FIG. 1 is executed repeatedly during travel, for example.
[0068] First, in step S101, the model selection unit 13 selects the default model. The model selection unit 13 reads
the default model stored in the model database 11. Once step S101 has been executed, the processing advances to
step S102.
[0069] In step S102, environment information and host vehicle information are measured. The object information
calculation unit 10 obtains environment information, including information relating to the pedestrian 42 and information
relating to the host vehicle lane 40, on the basis of the detection results generated by the vehicle exterior environment
sensors. The host vehicle information gathering unit 12 obtains host vehicle information such as the position, speed,
steering angle, pedal operation amounts, and so on of the host vehicle 100.
[0070] Next, in step S103, a determination is made as to whether or not a relative distance and a relative speed
between the pedestrian 42 and the host vehicle 100 are within a measurement range. This determination is made by
the model selection unit 13, for example. The model selection unit 13 determines whether or not the host vehicle 100 is
in the region between the first point P0 and the second point P1 on the basis of the relative distance between the host
vehicle 100 and the pedestrian 42. When it is determined that the host vehicle 100 is not in the region between the first
point P0 and the second point P1, the determination of step S103 is negative. The model selection unit 13 also determines
whether or not the relative speed between the host vehicle 100 and the pedestrian 42 at the first point P0 is no lower
than the minimum vehicle speed Vmin and no higher than the maximum vehicle speed Vmax. When it is determined
that the relative speed is not no lower than the minimum vehicle speed Vmin and no higher than the maximum vehicle
speed Vmax, the determination of step S103 is negative.
[0071] When an affirmative determination result is obtained in step S103 (step S103 - Y), the processing advances
to step S104, and in all other cases (step S103 - N), the processing advances to step S102.
[0072] In step S104, the host vehicle information gathering unit 12 observes the deceleration rate, the pedal operation
amounts, and so on. The host vehicle information gathering unit 12 calculates the deceleration rate on the basis of the
speed of the host vehicle 100. Once step S104 has been executed, the processing advances to step S105.
[0073] In step S105, the short-term update determination unit 14a determines whether or not the data required to
update the model has been obtained. The short-term update determination unit 14a determines whether or not a required
number of samples has been obtained in relation to a model selection parameter, for example a combination of a lateral
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distance between the pedestrian 42 and the host vehicle lane 40 and the orientation of the pedestrian 42. FIG. 15 is a
view showing an example of the number of data required for a model update.
[0074] The number of obtained samples (a numerator) and the number of samples (a denominator) serving as a
measurement standard required for a model update are stored respectively in relation to the combination of the orientation
of the pedestrian 42 and the lateral distance to the pedestrian 42. In FIG. 15, the required number of data samples has
been obtained in relation to a situation where the pedestrian 42 is oriented toward the host vehicle lane 40 side and the
distance from the host vehicle lane 40 to the pedestrian 42 is within a fixed distance. In other situations, the number of
samples is insufficient and therefore the model cannot yet be updated. In this case, if the currently selected model is an
updatable model, updating processing is performed, and if not, the default model is used as is.
[0075] When the required number of data samples has been obtained in relation to a situation corresponding to the
environment information obtained in step S102, the determination of step S105 is affirmative. When it is determined as
a result of the determination of step S105 that the data required for a model update have been obtained (step S105 -
Y), the processing advances to step S 106, and in all other cases (step S105-N), the processing advances to step S109.
[0076] In step S106, the short-term update determination unit 14a decides to update the model and executes a model
update. The short-term update determination unit 14a updates the model such that the compatibility of the model satisfies
a predetermined reference. Once step S 106 has been executed, the processing advances to step S107.
[0077] In step S107, the long-term update determination unit 16b determines whether or not the model (the updated
model) subjected to the short-term update requires a long-term update. The long-term update determination unit 16b
calculates the long-term compatibility of the current model (the updated model) on the basis of an observation result
obtained over a fixed period of monthly units, yearly units, or the like, and determines whether or not to update the model.
When it is determined as a result of the determination of step S107 that a model update is required (step S107 - Y), the
processing advances to step S108, and in all other cases (step S107 - N), the processing advances to step S 110.
[0078] In step S108, the deviation from the re-updated model is calculated. The long-term update determination unit
16b executes a long-term update (a re-update) on the updated model corresponding to the current situation. The driving
behavior prediction determination unit 17 then calculates the deviation on the basis of the re-updated model subjected
to the long-term update, and the predicted side passage distance and deceleration rate calculated by the driving behavior
prediction unit 16. Once step S108 has been executed, the processing advances to step S111.
[0079] In step S110, the deviation from the updated model is calculated. The driving behavior prediction determination
unit 17 calculates the deviation on the basis of the updated model subjected to the short-term update, and the predicted
side passage distance and deceleration rate calculated by the driving behavior prediction unit 16. Once step S110 has
been executed, the processing advances to step S111.
[0080] When the determination of step S105 is negative such that the processing advances to step S109, the deviation
from the default model is calculated in step S109. The driving behavior prediction determination unit 17 calculates the
deviation on the basis of the default model, and the predicted side passage distance and deceleration rate calculated
by the driving behavior prediction unit 16. Once step S109 has been executed, the processing advances to step S111.
[0081] In step S111, the assistance determination unit 18 determines whether or not the deviation is large. The as-
sistance determination unit 18 determines whether or not the deviation calculated in step S108, S109, or S110 is large
For example, the assistance determination unit 18 performs the determination of step S111 on the basis of a comparison
result between a determination value determined on the basis of the probability distribution function 301 and the calculated
deviation. When it is determined as a result of the determination of step S111 that the deviation is large (step S111 - Y),
the processing advances to step S 113, and in all other cases (step S111 - N), the processing advances to step S112.
[0082] In step S112, the assistance determination unit 18 decides not to perform notification assistance. The assistance
determination unit 18 outputs a command to switch information provision by the alerting device 30 OFF. Since the
deviation indicates that the alerting assistance is not required, the vehicle control assistance is also switched OFF. Once
step S112 has been executed, the current control flow is terminated.
[0083] In step S 113, the assistance determination unit 18 decides to perform notification assistance. The assistance
determination unit 18 outputs a command to switch information provision by the alerting device 30 ON. The alerting
assistance unit 19 then controls the alerting device 30 in accordance with the information provision ON command such
that driving assistance through notification is executed. Once step S113 has been executed, the current control flow is
terminated.
[0084] Hence, the driving assistance apparatus 1-1 according to this embodiment includes a plurality of model can-
didates that define the correspondence relationship between the driving operation performed by the driver and the
information indicating the relative positions of a moving body such as a pedestrian detected on the periphery of the host
vehicle and the host vehicle, determines the model to be used from among the plurality of model candidates on the basis
of the information relating to the detected moving body, and executes driving assistance on the basis of the determined
model and the driving operation performed by the driver following detection of the moving body. Accordingly, the need
for driving assistance and the driving assistance level can be determined on the basis of the reaction of the driver to the
pedestrian or the like. As a result, the driving assistance apparatus 1-1 can provide driving assistance while suppressing
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a sense of discomfort experienced by the driver.
[0085] Further, the driving assistance apparatus 1-1 performs driving assistance when the deviation from the selected
model is large, and modifies the driving assistance level in accordance with the degree of deviation. When the deviation
from the model is small, on the other hand, driving assistance is not performed. In other words, the driving assistance
provided by the driving assistance apparatus 1-1 is based on a degree of deviation between the driving operation
performed by the driver following detection of the pedestrian or other moving body and the driving operation of the
selected model. As a result, the driving assistance apparatus 1-1 can provide driving assistance in accordance with the
feelings of the driver.
[0086] The various models, such as the nervous driving model, the standard driving model, and the relaxed driving
model, have differing reference regions S1, S2, S3 and high risk regions R1, R2, R3. Therefore, the assistance level is
determined within a range determined in accordance with the selected model. In other words, the assistance level is
determined on the basis of a driving operation performed by the driver within a range determined in accordance with
the information relating to the pedestrian 42 or other moving body. Hence, the assistance level can be determined within
an appropriate range in accordance with the posture, movement, and so on of the pedestrian or the like, and as a result,
assistance can be provided in accordance with the feelings of the driver.
[0087] Furthermore, in the driving assistance apparatus 1-1 according to this embodiment, the need for driving as-
sistance and the assistance level are determined on the basis of a correspondence relationship between the deviation
from the reference region S1, S2, S3 and the degree of deviation recognition of the driver. As a result, driving assistance
that corresponds to the feelings of the driver and is therefore unlikely to cause the driver to experience a sense of
discomfort can be performed.
[0088] Note that when the pedestrian 42 crosses or starts to cross in front of the host vehicle 100, a front crossing
driving model shown in FIG. 16 can be used instead of the driving models shown in FIGS. 4 to 6. As shown in FIG. 16,
a high risk region R4 of the front crossing driving model widens to a higher deceleration rate region than the high risk
regions R1, R2, R3 of the other driving models. In other words, a reference region S4 in which the predicted side passage
distance is short has a narrower width than the reference regions S1, S2, S3 of the other driving models. Hence, when
the pedestrian 42 starts to cross the host vehicle lane in a position close to the host vehicle 100, the risk is determined
to be high unless rapid deceleration close to 100% (i.e. sufficient to stop the host vehicle 100) is performed up to the
second point P1, and accordingly, driving assistance is started.
[0089] Note that in this embodiment, the assistance level is determined on the basis of the driving operation performed
by the driver following detection of the pedestrian, but the assistance level determination timing is not limited thereto.
For example, the assistance level may be determined on the basis of the information relating to the pedestrian detected
in front of the host vehicle 100, and the assistance level may be updated on the basis of the driving operation performed
by the driver. For example, the highest assistance level may be set when the nervous driving model is selected, an
intermediate assistance level may be set when the standard driving model is selected, and the lowest assistance level
(including no assistance) may be set when the relaxed driving model is selected. When the deviation of the driving
operation performed by the driver is large, the driving assistance level may be updated in order to reduce the risk, and
when the deviation is not large, the assistance level may be left as is without being updated. The assistance may be
started after determining whether or not to update the assistance level on the basis of the driving operation performed
by the driver, for example.
[0090] Thus, when the risk is high at the driving assistance level determined on the basis of the posture and movement
of the pedestrian, the driving assistance level is updated in order to reduce the risk, and when the risk is not high, the
driving assistance level is not updated. In so doing, driving assistance can be provided in consideration of the reaction
of the driver to the posture and movement of the pedestrian. As a result, the driver can be prevented from experiencing
a sense of discomfort in relation to the content of the assistance.

[Modified Example of Embodiment]

[0091] A modified example of the embodiment will now be described. In the above embodiment, the deceleration rate
is used as the driving operation for determining the degree of risk, but the driving operation is not limited thereto, and
the degree of risk may be calculated on the basis of various detection results relating to the driving operation performed
by the driver, such as a driving operation amount, an operation timing, an operation force, an operation speed, or a
vehicle behavior generated as a result of the driving operation.
[0092] FIG. 17 is a view showing an example of a driving model on which the ordinate shows the operation timing. A
location close to the origin on the ordinate indicates a late operation timing, and the operation timing becomes steadily
earlier away from the origin. A high risk region R5 is located on a late operation timing side of an operation timing in a
reference region S5, and a low risk region T5 is located on an early operation timing side of an operation timing in the
reference region S5.
[0093] The operation timing may be set as a timing at which the accelerator is switched OFF or a timing at which the



EP 2 759 996 A1

12

5

10

15

20

25

30

35

40

45

50

55

brake is switched ON, for example. The invention is not limited thereto, however, and a timing of a steering operation
in a direction for avoiding the pedestrian 42 may be set as the operation timing of FIG 17. The operation timing can be
detected earlier than the vehicle behavior. Hence, by performing a risk evaluation using the operation timing, the need
for driving assistance and the assistance level can be determined early. Furthermore, when the timing or the like of the
driving operation is detected instead of the vehicle behavior, effects from external disturbances can be reduced, and as
a result, the reaction of the driver can be detected directly.
[0094] The content disclosed in the embodiment and modified example described above may be implemented in an
appropriate combination.

1-1 driving assistance apparatus
40 host vehicle lane
41 white line
42 pedestrian
100 host vehicle
V0 reference host vehicle speed
V1 minimum host vehicle speed
P0 first point
P1 second point
H1, H2, H3 high risk side boundary line
L1, L2, L3 low risk side boundary line
R1, R2, R3 high risk region
S1, S2, S3 reference region
T1, T2, T3 low risk region

Claims

1. A driving assistance apparatus, comprising a plurality of model candidates that define a correspondence relationship
between a driving operation performed by a driver and information indicating relative positions of a moving body
detected on a periphery of a host vehicle and the host vehicle,
wherein a model to be used is determined from among the plurality of model candidates on the basis of information
relating to the detected moving body, and
driving assistance is executed on the basis of the determined model and a driving operation performed by the driver
following detection of the moving body.

2. The driving assistance apparatus according to claim 1, wherein the determined model can be updated on the basis
of the determined model and the driving operation performed by the driver following detection of the moving body.

3. The driving assistance apparatus according to claim 2, wherein a compatibility between the determined model and
the driving operation performed by the driver following detection of the moving body is calculated on the basis of a
predetermined number of samples of a correspondence relationship between the model and the driving operation,
and
when the compatibility is smaller than a set reference value, the model is updated.

4. The driving assistance apparatus according to claim 2 or 3, wherein the determined model is updated in accordance
with both a short-term compatibility and a long-term compatibility with the driving operation performed by the driver
following detection of the moving body.

5. The driving assistance apparatus according to claim 1 or 2, wherein the driving assistance is based on a degree of
deviation between the determined model and the driving operation performed by the driver following detection of
the moving body.
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