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Description

VEHICLE PARKING ASSIST SYSTEM AND METHOD
Technical Field

[0001]  The present invention relates to a vehicle parking assist system which assists a
driving operation at parking a vehicle and a method thereof.
Background Art

[0002]  As aconventional vehicle parking assist system which assists a driving operation at
parking a vehicle, for example, a system disclosed in Japanese Patent Laid-open Pub-
lication No. 2005-239048 is known. This system transforms images around the vehicle
captured by onboard cameras into an overhead image; and draws and displays on a
display device a figure of the vehicle at a position of the vehicle on the overhead image
and a parking frame figure at a target parking position set by a driver of the vehicle.
The system thus enables the driver of the vehicle to easily recognize a path from the
current position of the vehicle to the target parking position. Herein, the vehicle is a
vehicle on which the parking assist system is mounted.

[0003]  However, the above-described conventional parking assist system only causes the
driver of the vehicle to recognize the path from the current position of the vehicle to
the target parking position but is not configured to cause the driver to recognize from
which position the driver should start parking to reach the target parking position
without performing steering operation during the parking action. Accordingly, the
aforementioned conventional system does not provide adequate assistance for inex-

perienced drivers in driving operations.

Disclosure of Invention

[0004]  The present invention draws a recommended parking start position which a vehicle
can reach with a current value of steering angle of the vehicle unchanged and from
which the vehicle can reach the target parking position with the steering angle being
constant on an overhead image around the vehicle as a parking start frame figure and
displays the overhead image with the parking start frame figure drawn thereon in such
a manner that the position of the parking start frame figure on the overhead image
varies with changes of the steering angle of the vehicle.
Brief Description of the Drawings

[0005] [fig.1]Fig. 1 is a block diagram showing a schematic configuration of a parking assist
system to which the present invention is applied.
[fig.2]Fig. 2 is a view explaining positions of four onboard cameras and areas taken by
the onboard cameras.

[fig.3]Fig. 3 is a view showing an example of an image displayed on a display device.
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[fig.4]Fig. 4 is a block diagram showing a functional configuration of an image
processing device.
[fig.5]Fig. 5 is a view explaining an example of a method of calculating a rec-
ommended parking start position.
[fig.6]Fig. 6 is a view showing an example of an image which is displayed on the
display device when a vehicle on which the system is mounted reaches the rec-
ommended parking start position.
[fig.7]Fig. 7 is a flowchart showing a flow of a series of steps executed by the image
processing device with a predetermined period until the vehicle reaches the rec-
ommended parking start position after the parking assist system is activated.
[fig.8]Fig. 8 is a flowchart showing a flow of a series of steps executed by the image
processing device with a predetermined period until the vehicle reaches the target
parking position after the vehicle reaches the recommended parking start position.
[fig.9]Fig. 9 is a view explaining a situation where the path of the vehicle is deviated
from a recommended path during the parking action, showing an example of an image
displayed on the display device at that time.
[fig.10]Fig. 10 is a view showing an example of an image displayed on the display
device when the vehicle stops the parking action.
[fig.11]Fig. 11 is a view showing an example of an image displayed on the display
device when there is an obstacle on a path from the recommended parking start
position to the target parking position.
[fig.12]Fig. 12 is a view showing an example of an image displayed on the display
device when there is no obstacle on the path from the recommended parking start
position to the target parking position.
Best Mode for Carrying Out the Invention

A description is given of concrete embodiments of the present invention in detail
below with reference to the drawings.
First Embodiment

Fig. 1 is a block diagram showing a schematic configuration of a parking assist
system to which the present invention is applied. The parking assist system of this em-
bodiment displays an overhead image around a vehicle on which the system is
mounted and assists a driver of the vehicle in performing a driving operation for
parking. As shown in Fig. 1, four onboard cameras of a front camera 1, a rear camera
2, a right-side camera 3, and a left-side camera 4, which are mounted on the vehicle,
are connected to inputs of an image processing device 10. An output of the image
processing device 10 is connected to a display device 5 such as a liquid crystal display

installed within a compartment of the vehicle. The image processing device 10 is
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connected to an operation input device 6 which receives operation inputs by the driver
of the vehicle and is connected to a steering angle sensor 7 which detects steering
angle of the vehicle. The display device 5 may be provided with a touch-panel type
screen so that operations by the driver of the vehicle are inputted through the touch-
panel type screen of the display device 5.

Each of the four onboard cameras of the front, rear, right-side, and left-side cameras
1 to 4 is composed of a wide-angle camera having an angle of view of about 180
degrees, for example. These four cameras are individually mounted at proper places of
the vehicle so as to capture images of all the area surrounding the vehicle. Specifically,
for example as shown in Fig. 2, the front camera 1 is installed at a front grille of the
vehicle or the like and captures an image of an area A3 in front of the vehicle di-
agonally down towards the ground. The rear camera 2 is installed at a roof spoiler of
the vehicle or the like and captures an image of an area A2 behind the vehicle di-
agonally down towards the ground. The right-side camera 3 is installed as a right-side
mirror of the vehicle or the like and captures an image of an area A3 to the right of the
vehicle diagonally down toward the ground. Moreover, the left-side camera 4 is
installed at a left-side mirror of the vehicle or the like and captures an image of an area
A4 to the left of the vehicle diagonally downward toward the ground. These four
onboard cameras output the captured images to the image processing device 10 as
image signals.

The image processing device 10 is composed of an information processing device
such as a microcomputer storing a program which processes images. The image
processing device 10 executes this program with an arithmetic device such as a CPU to
generate an image as shown in Fig. 3 to assist the driver of the vehicle in performing
the driving operation for parking and display the generated image on the display device
5. In the functional configuration, the image processing device 10 includes an image
input section 11, an overhead image generation section 12, a vehicle figure drawing
section 13, a parking frame figure drawing section 14, a parking start frame figure
drawing section 15, a recommended path drawing section 16, a direction indicator icon
drawing section 17, and an image output section 18 as shown in Fig. 4.

The images captured by the four onboard cameras of the front, rear, right-side, and
left-side cameras 1 to 4 are inputted to the image input section 11 of the image
processing device 10. The image input section 11 stores the image signals from the
four onboard cameras in frame memories by units of data constituting a single frame.

The images which are captured by the onboard cameras and stored in the frame
memories are used by the overhead image generation section 12 to generate an
overhead image. The overhead image generation section 12 performs viewing trans-

formation for the images captured by the four onboard cameras into images of views
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from virtual viewpoints above the vehicle and joins the transformed images, thus
generating an overhead image of an area around the vehicle viewed down from above.
The generation of the overhead image by the overhead image generation section 12 is
repeated at predetermined intervals (for example, at the same intervals as the onboard
cameras capture images), and the image signals are stored in frame memories of the
image output section 18 and updated as needed.

In the overhead image generated by the overhead image generation section 12, a
vehicle figure V indicating a current position of the vehicle is drawn by the vehicle
figure drawing section 13. The vehicle figure drawing section 13 holds a computer
graphic image of a vehicle of the same size as that of the vehicle on the overhead
image and draws the computer graphic image at the current position of the vehicle on
the overhead image (usually at the center of the overhead image) as the vehicle figure
V.

When the driver of the vehicle sets the target parking position using the operation
input device 6, a parking frame figure F1 indicating the target parking position is
drawn by the parking frame figure drawing section 14 on the overhead image
generated by the overhead image generation section 12, and a parking start frame
figure F2 indicating the recommended parking start position later described is drawn
by the parking start frame figure drawing section 15. A recommended path L from the
recommended parking start position to the target parking position at the parking action
is then drawn by the recommended path drawing section 16.

According to the operation of the operation input device 6 by the driver of the
vehicle, the parking frame figure drawing section 14 recognizes the position which is
set as the target parking position on the overhead image and the direction thereof and
draws a rectangular frame of the same size as that of the vehicle on the overhead image
as the parking frame figure F1.

The parking start frame figure drawing section 15, based on information of current
steering angle of the vehicle detected by the steering angle sensor 7, calculates as the
recommended parking start position a position which the vehicle can reach with the
steering angle of the vehicle unchanged from the detected current steering angle and
the vehicle and from which the vehicle can reach the target parking position set by the
driver of the vehicle with a constant steering angle. The parking start frame figure
drawing section 15 draws a rectangular frame of the same size as that of the vehicle on
the overhead image as the parking start frame figure F2.

Fig. 5 is a view explaining an example of a method by which the parking start frame
figure drawing section 15 calculates the recommended parking start position. The
parking start frame figure drawing section 15 first calculates an predicted trajectory t

of the vehicle moving with the current steering angle unchanged based on the in-
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formation of the current steering angle of the vehicle detected by the steering angle
sensor 7. In Fig. 5, t1, t2, and t3 indicate predicted trajectories when the steering angle
is 0 degree, 10 degrees right, and 15 degrees right, respectively.

Subsequently, the parking start frame figure drawing section 15 sets a referential
point Px of the target parking position (for example, a point at which a corner of the
parking frame figure F1 is located) and calculates an arc (or a line) r which is tangent
to the predicted trajectory t of the vehicle moving with the current steering angle
unchanged and passes through the referential point Px of the target parking position. In
Fig. 5, arcs tangent to the predicted trajectories tl to 3 are indicated by rl to 13, re-
spectively.

The parking start frame figure drawing section 15 calculates a point Py of tangency
between the arc (or line) r and predicted trajectory t and calculates the recommended
parking start position based on the point Py of tangency as the referential point. In Fig.
5, points of tangency between the arcs rl and individual predicted trajectories tl to t3
are indicated by Pyl to Py3, respectively.

The parking start frame figure drawing section 15 draws, as the parking start frame
figure F2, a rectangular frame of the same size as the vehicle on the overhead image at
the recommended parking start position on the overhead image calculated by the afore-
mentioned method. Herein, the recommended parking start position is calculated
according to the current steering angle of the vehicle as described above. Accordingly,
if the driver of the vehicle operates the steering wheel to change the steering angle, the
position of the parking start frame F2 on the overhead image correspondingly changes.
For example, in the example shown in Fig. 5, when the driver of the vehicle turns the
steering wheel clockwise to change the steering angle from O to 10 degrees right, the
position of the parking start frame figure F2 on the overhead image changes from the
position including the point Pyl of tangency as the referential point to the position
including the point Py2 of tangency as the referential point. When the driver of the
vehicle further turns the steering wheel clockwise to change the steering angle from 10
to 15 degrees right, the position of the parking start frame figure F2 drawn on the
overhead image is changed from the position including the point Py2 of tangency as
the referential point to the position including the point Py3 of tangency as the ref-
erential point.

The recommended path drawing section 16 specifies a path through which the
vehicle reaches the target parking position set by the driver of the vehicle from the rec-
ommended parking start position calculated by the parking start frame figure drawing
section 15 with a constant steering angle. The recommended path drawing section 16
then draws lines as the recommended path L along the specified path on the overhead

image.
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As described above, the image signal of the image which includes the vehicle figure
V, parking frame figure F1, parking start frame figure F2, and recommended path L
drawn on the overview image generated by the overview image generation section 12
is read out from the frame memory by the image output section 18 as needed and
outputted to the display device 5. On the display device 5, the image shown in Fig. 3 is
always updated and displayed as a moving image. The driver of the vehicle sees the
image displayed on the display device 5 and can recognize the recommended parking
start position, from which the vehicle can reach the target parking position with a
constant steering angle, or a position at which the driver should start the parking action
to reach the target parking position without performing the steering operation during
the parking action. The driver moves the vehicle to the recommended parking start
position and then starts the parking action, thus extremely facilitating the driving
operation for parking. The parking start frame figure F2 indicating the recommended
parking start position is especially displayed with the position on the overhead image
varied with changes in steering angle due to the steering operation by the driver of the
vehicle. Accordingly, the driver of the vehicle operates the steering wheel while
checking the condition around the vehicle displayed in the overhead image to move the
parking start frame figure F2 to an optimal position, thus easily parking the vehicle
from the optical position.

Meanwhile, the parking start frame F2 on the overhead image is for the purpose of
causing the driver of the vehicle to recognize the recommended parking start position.
Accordingly, the parking start frame F2 does not need to be displayed after the vehicle
reaches the recommended parking start position. On the other hand, when the vehicle
starts the parking action after reaching the recommended parking start position, the
driver needs to turn again the steering wheel to the steering angle allowing the vehicle
to move from the recommended parking start position to the target parking position
along the recommended path L. It is therefore desirable to cause the driver of the
vehicle to recognize the steering direction.

In the parking assist system of this embodiment, therefore, the image processing
device 10 is configured to judge whether the vehicle reaches the recommended parking
start position by judging whether the position of the vehicle matches the recommended
parking start position on the overhead image. When the vehicle reaches the rec-
ommended parking start position, the drawing of the parking start frame figure F2 by
the parking start frame figure drawing section 15 is terminated, and a direction
indicator icon D, which indicates the steering direction allowing the vehicle to reach
the target parking position from the recommended parking start position, is drawn on
the overhead image by the direction indicator icon drawing section 17. Accordingly,

when the vehicle reaches the recommended parking start position, for example, an
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image shown in Fig. 6 is displayed on the display device 5.

The direction indicator icon drawing section 17 calculates an amount of necessary
steering operation and the direction of the same based on a relationship between the
current steering angle of the vehicle detected by the steering angle sensor 7 and the
steering angle allowing the vehicle to move from the recommended parking start
position to the target parking position along the recommended path L. The direction
indicator icon drawing section 17 draws an arrow figure corresponding to the
calculated direction of the steering operation near the vehicle figure V on the overhead
image as the direction indicator icon D. Moreover, the direction indicator icon drawing
section 17 monitors the steering angle of the vehicle detected by the steering angle
sensor 7 while drawing the direction indicator icon D on the overhead image. The
direction indicator icon drawing section 17 finishes drawing the direction indicator
icon D when judging that the current steering angle of the vehicle is equal to the
steering angle allowing the vehicle to move from the recommended parking start
position to the target parking position along the recommended path L.

Fig. 7 is a flowchart showing a flow of a series of steps executed with a prede-
termined period (for example, a capture period of the onboard cameras) by the image
processing device 10 until the vehicle reaches the recommended parking start position
after the parking assist system is started upon a switching operation by the driver of the
vehicle, for example. Fig. 8 is a flowchart showing a flow of a series of steps executed
with a predetermined period (for example, the capture period of the onboard cameras)
by the image processing device 10 until the vehicle reaches the target parking position
after the vehicle reaches the recommended parking start position.

When the parking assist system is started, as shown in Fig. 7, at first, the images
captured by the four onboard cameras of the front, rear, right-side, and left-side
cameras 1 to 4 are inputted into the image input section 11 of the image processing
device 10 and stored in the frame memories in step S11. Next, in step S12, using these
images captured by the four onboard cameras, the overhead image of a downward view
around the vehicle is generated and stored in the frame memory of the image output
section 18 by the overhead image generation section 12. In step S13, at the current
position of the vehicle on the overhead image generated in the step S12, the vehicle
figure V is drawn by the vehicle figure drawing section 13.

Next, in step S14, it is judged whether the target parking position is set by the driver
of the vehicle. When the target parking position is not set, the process proceeds to step
S19, and the image including only the vehicle figure V drawn on the overhead image
around the vehicle is outputted to the display device 5 by the image output section 18
and is displayed on the display device 5.

On the other hand, when the target parking position is set, next, in step in S15, the
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parking frame figure F1 is drawn by the parking frame figure drawing section 14 at the
target parking position on the overhead image generated in the step S12. Next, in step
S16, the recommended parking start position, from which the vehicle can reach the
target parking position with a constant steering angle, is calculated by the parking start
frame figure drawing section 15. In step S17, the parking start frame F2 is drawn at the
recommended parking start position on the overhead image generated in the step S12.
Furthermore, in step S18, the recommended path L of the vehicle at the parking action
from the recommended parking start position to the target parking position is drawn on
the overhead image generated in the step S12 by the recommended path drawing
section 16. In step S19, the image including the vehicle figure V, parking frame figure
F1, parking start frame figure F2, and recommended path L drawn on the overhead
image around the vehicle is outputted to the display device 5 by the image output
section 18 and displayed on the display device 5.

After the vehicle reaches the recommended parking start position, as shown in Fig. &,
in step S21, the images captured by the four onboard cameras of the front, rear, right-
side, and left-side cameras 1 to 4 are inputted into the image input section 11. In step
S22, the overhead image is generated from these images captured by the four onboard
cameras by the overhead image generation section 12. In step S23, the vehicle figure V
is drawn by the vehicle figure drawing section 13 on the overhead image generated in
the step S22, and in step S24, the parking frame figure F1 is drawn by the parking
frame drawing section 14 on the overhead image generated in the step S22. In step
S25, the recommended path L to the target parking position is drawn by the rec-
ommended path drawing section 16 on the overhead image.

Next, in step S26, it is judged by the direction indicator icon drawing section 17
whether the steering operation to set the steering angle of the vehicle to the steering
angle allowing the vehicle to reach the target parking position along the recommended
path L is finished. When the steering operation is not finished yet, in step S27, the
direction indicator icon D is further drawn on the overhead image drawn in the step
S22. In step S28, then, the image including the vehicle figure V, parking frame figure
F1, recommended path L, and direction indicator icon D (when the steering operation
is not finished yet) drawn on the overhead image around the vehicle is outputted by the
image output section 18 to the display device 5 and is displayed on the display device
5.

As described in detail with the concrete examples, when the target parking position is
set by the driver of the vehicle, the parking assist system of this embodiment calculates
the recommended parking start position, which the vehicle can reach with the steering
angle of the vehicle unchanged and from which the vehicle can reach the target parking

position with a constant steering angle. The parking assist system displays on the
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display device 5 the parking start frame figure F2, which indicates the recommended
parking start position and is drawn on the overhead image around the vehicle in
addition to the vehicle figure V indicating the current position of the vehicle and the
parking frame figure F1 indicating the target parking position. According to the
parking assist system, it is therefore possible to allow the driver of the vehicle to
recognize the position from which the driver should start the parking action in order to
easily reach the target parking position. The parking assist system of this embodiment
can effectively assist especially inexperienced drivers in performing the driving
operation for parking.

Moreover, according to the parking assist system of this embodiment, the rec-
ommended path L, through which the vehicle can reach the recommended parking start
position to the target parking position with a constant steering angle, is drawn on the
overhead image around the vehicle. Accordingly, it is possible to allow the driver to
recognize the path of the vehicle for the actual parking action. For example, when the
recommended path L is overlapped with an obstacle or the like displayed on the
overhead image, the parking assist system can prompt the driver of the vehicle to take
measures such as changing the recommended parking start position.

Still moreover, according to the parking assist system of this embodiment, the
direction indicator icon D indicating the steering direction allowing the vehicle to
reach the target parking position from the recommended parking start position is
further drawn on the overview image. Accordingly, it is possible to allow the driver of
the vehicle to recognize the steering operation which is required at the recommended
parking start position, thus providing more effective assistance for the driving
operation at parking. In this embodiment, the driver of the vehicle is caused to
recognize the steering operation required at the recommended parking start position by
drawing the direction indicator icon D on the overhead image. However, it is effective
to display a message such as "Turn the steering wheel to the right" on the display
device 5 or speak such a message instead of or in addition to the direction indicator
icon D.

Second Embodiment

Next, a description is given of a second embodiment of the present invention with
reference to FIGS. 9 and 10.

In the first embodiment, calculation of the recommended parking start position and
drawing of the parking start frame figure F2 are terminated when the vehicle reaches
the recommended parking start position on the premise that the vehicle which has
reached the recommended parking start position reaches the target parking position
along the recommended path L. However, in actual parking action, the driver may

perform a steering operation by an accidental cause or unconsciously perform a
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steering operation. Accordingly, it could be that the path of the vehicle is deviated
from the recommended path L. and does not accurately reach the target parking
position. In such a case, it is necessary to once stop the parking action and start another
parking action to cause the vehicle to accurately reach another target parking position.
Accordingly, in this embodiment, after the vehicle reaches the recommended parking
start position and the calculation of the recommended parking start position and the
drawing of the parking start frame figure F2 are terminated, when it is judged that the
parking action of the vehicle is stopped, the calculation of the recommended parking
start position and the drawing of the parking start frame figure F2 are started again.

The configuration of the parking assist system of this embodiment is the same as that
of the first embodiment shown in Fig. 4. The basic part of the processes implemented
by the individual functional constitutions of the image processing system 10 is the
same as that of the first embodiment. In this embodiment, for example, it is judged
based on stop of the vehicle, gear change, or the like before the vehicle reaches the
target parking position whether the parking action is stopped. When the parking action
of the vehicle is stopped, the parking start frame figure drawing section 15 of the
image processing device 10 starts again the calculation of the recommended parking
start position and the drawing of the parking start frame figure F2.

To be described with a concrete example, for example, it is assumed that after the
vehicle starts the parking action from the state shown in Fig. 6, the steering angle is
changed by any cause before the vehicle reaches the target parking position to deviate
the path of the vehicle from the recommended path L as shown in Fig. 9. At this time,
when the driver of the vehicle stops the vehicle and changes gears, it is judged that the
parking action of the vehicle is stopped, and the calculation of the recommended
parking start position and the drawing of the parking start frame figure F2 are started
again.

Specifically, when it is judged that the parking action of the vehicle is stopped, the
parking start frame figure drawing section 15 of the image processing device 10
calculates the position which the vehicle can reach with the current steering angle
unchanged and from which the vehicle can reach the already set target parking position
with a constant steering angle as a new recommended parking start position based on
information on a current steering angle of the vehicle detected by the steering angle
sensor 7. The parking start frame figure drawing section 15 then draws the parking
start frame figure F2 at a position corresponding to the new parking start position on
the overhead image generated by the overhead image generation section 12. The
concrete method of calculating the new recommended parking start position is the
same as that of the first embodiment.

After the new recommended parking start position is calculated by the parking start
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frame drawing section 15, the recommended path drawing section 16 draws on the
overhead image a new recommended path L through which the vehicle can reach the
target parking position from the new recommended parking start position with a
constant steering angle. On the display device 5, the image including the vehicle figure
V, parking frame figure F1, parking start frame figure F2, and recommended path L
drawn on the overhead image is displayed again as shown in Fig. 10, for example. The
driver of the vehicle moves the vehicle to the recommended parking start position
while seeing the displayed image and then starts the parking action again. Accordingly,
the driver of the vehicle can extremely easily perform the driving operation for
parking.

As described above, according to the parking assist system of this embodiment, when
the parking action of the vehicle is stopped, the parking start frame figure drawing
section 15 of the image processing device 10 starts again the calculation of the new
recommended parking start position and the drawing of the parking start frame figure
F2. Accordingly, at the parking action started again, it is also possible to allow the
driver of the vehicle to recognize from which position to start the parking action in
order to easily reach the target parking position, thus providing more effective as-
sistance to the driving operation for parking.

Third Embodiment

Next, a description is given of a third embodiment of the present invention with
reference to Figs. 11 and 12.

In this embodiment, the parking start frame figure F2 drawn on the overhead image
varies depending on the presence of an obstacle on a path from the recommended
parking start position to the target parking position.

The configuration of the parking assist system of this embodiment is the same as that
of the first embodiment shown in Fig. 4, and the basic part of the processes im-
plemented by the individual functional constitutions of the image processing device 10
is also the same as that of the first embodiment. However, in this embodiment, after
calculating the recommended parking start frame position based on the current steering
angle of the vehicle, the parking start frame figure drawing section 15 of the image
processing device 10 judges whether there is an obstacle on the path from the
calculated recommended parking start position to the target parking position. The
parking start frame figure drawing section 15 draws the parking start frame figure F2
in different forms depending on the presence or absence of an obstacle on the path
from the recommended parking start position to the target parking position.

Herein, the presence of an obstacle on the path from the recommended parking start
position to the target parking position can be judged based on the positional rela-

tionship between the obstacle and the path from the recommended parking start
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position to the target parking position by, for example, when the vehicle includes an
obstacle sensor such as an ultrasonic sensor, specifying the position of the obstacle
based on a sensor signal of the obstacle sensor. Alternatively, the presence of an
obstacle can be also judged based on the positional relationship between the obstacle
and the path from the recommended parking start position to the target parking
position by analyzing the images captured by the onboard cameras and specifying the
position of the obstacle.

As for the variations of the form of the parking start frame figure F2, the type of lines
of the frame of the parking start frame figure F2 can be varied. For example, when
there is an obstacle on the path from the recommended parking start position to the
target parking position, the parking start frame figure F2 is drawn as a dashed frame as
shown in Fig. 11, and when there is no obstacle on the path from the recommended
parking start position to the target parking position, the parking start frame figure F2 is
drawn as a solid frame as shown in Fig. 12. Alternatively, thickness of the lines of the
parking start frame figure F2 can be varied. When there is an obstacle on the path from
the recommended parking start position to the target parking position, the parking start
frame figure F2 is drawn with thin lines, and when there is no obstacle on the path
from the recommended parking start position to the target parking position, the parking
start frame figure F2 is drawn with thick lines. In addition, it is also effective that color
of the parking start frame figure 2 is varied depending on the presence or absence of an
obstacle on the path between the recommended parking start position and the target
parking position.

As described above, according to the parking assist system of this embodiment, the
parking start frame figure drawing section 15 of the image processing device 10 judges
whether there is an obstacle on the path from the calculated recommended parking start
position to the target parking position and draws the parking start frame figure F2 on
the overhead image in different forms depending on the presence or absence of an
obstacle. It is therefore possible to allow the driver of the vehicle to easily recognize
whether to start the parking action from the recommended parking start position corre-
sponding to the current steering angle. When there is a possibility that the vehicle
comes into contact with an obstacle during the parking action, the parking assist
system of this embodiment can prompt the driver of the vehicle to perform a steering
operation to change the recommended parking start position to an optimal position.

Hereinabove, the description is given showing the first to third embodiments as the
concrete examples of the parking assist system to which the present invention is
applied. However, the above-described embodiments are just application examples of
the present invention and are not intended to limit the technical scope of the present

invention to the contents described in the above embodiments. The technical scope of



13

WO 2009/081519 PCT/JP2008/003341

[0048]

the present invention is not limited to the specific technical matters disclosed in the
aforementioned embodiments and includes various changes, modifications, al-
ternatives, and the like which can be easily derived from this disclosure.
Industrial Applicability

The present invention is applicable to a technique assisting a driver in performing

driving operation at parking a vehicle.
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Claims
A parking assist system, comprising:
an imaging unit capturing an image around a vehicle on which the parking assist
system is mounted;
an image transformation unit transforming the image captured by the imaging
unit into an overhead image;
a target parking position setting unit setting a target parking position as a parking
target of the vehicle;
a recommended parking start position calculation unit calculating as a rec-
ommended parking start position a position which the vehicle can reach with a
current value of steering angle of the vehicle unchanged and from which the
vehicle can reach the target parking position with the steering angle being
constant;
a figure drawing unit drawing a parking start frame figure indicating the rec-
ommended parking start position on the overhead image obtained by the trans-
formation of the image transformation unit; and
a display unit displaying the overhead image including the parking start frame
figure drawn by the figure drawing unit, wherein
the overhead image including the parking start frame figure drawn thereon is
displayed on the display unit, the position of the parking start frame figure on the
overhead image varying with changes in the steering angle of the vehicle.
The parking assist system according to claim 1, wherein
the recommended parking start position calculation unit calculates a predicted
trajectory of the vehicle moving with the current value of the steering angle
unchanged; calculates an arc or line which is tangent to the predicted trajectory
and passes through a referential point of the target parking position; and then
obtains a position whose referential point is a tangent point between the arc or
line and the predicted trajectory as the recommended parking start position.
The parking assist system according to claim 1 or 2, further comprising:
a recommended path drawing unit drawing on the overhead image a rec-
ommended path for the parking action from the recommended parking start
position to the paring target position.
The parking assist system according to any one of claims 1 to 3, further
comprising:
a direction indicator icon drawing unit which, when the vehicle reaches the rec-
ommended parking start position, draws on the overhead image, an icon in-

dicating a direction of steering operation to achieve a steering angle at the
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parking action from the recommended parking start position to the target parking
position.

The parking assist system according to any one of claims 1 to 4, wherein

the figure drawing unit terminates the calculation of the recommended parking
start position and the drawing of the parking start frame figure when the vehicle
reaches the recommended parking start position.

The parking assist system according to claim 5, wherein

the figure drawing unit starts again the calculation of the recommended parking
start position and the drawing of the parking start frame figure when the vehicle
stops the parking action from the recommended parking start position.

The parking assist system according to any one of claims 1 to 6, wherein

the figure drawing unit judges whether there is an obstacle on the path from the
calculated recommended parking start position to the target parking position and
draws the parking start frame figure in different forms depending on the presence
or absence of the obstacle.

A parking assist method, comprising the steps of:

capturing an image around a vehicle and transforming the captured image to an
overhead image;

setting a target parking position as a parking target of the vehicle;

calculating as a recommended parking start position a position which the vehicle
can reach with a current value of steering angle of the vehicle unchanged and
from which the vehicle can reach the target parking position with the steering
angle being constant;

drawing on the overhead image a parking start frame figure indicating the rec-
ommended parking start position; and

displaying the overhead image including the parking start frame figure drawn
thereon, the position of the parking start frame figure on the overhead image
varying with changes of the steering angle of the vehicle.

A parking assist system, comprising:

an imaging unit capturing an image around a vehicle;

an image transformation unit transforming the image captured by the imaging
unit into an overhead image;

a target parking position setting unit setting a target parking position as a parking
target of the vehicle;

a recommended parking start position calculation unit calculating as a rec-
ommended parking start position a position which the vehicle can reach with a
current value of steering angle of the vehicle unchanged and from which the

vehicle can reach the target parking position with the steering angle being
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constant;

a figure drawing unit drawing on the overhead image obtained by the trans-
formation of the image transformation unit: a vehicle figure indicating a current
position of the vehicle; a parking frame figure indicating the target parking
position; and a parking start frame figure indicating the recommended parking
start position; and

a display unit displaying the overhead image including the vehicle figure,
parking frame figure, and parking start frame figure drawn by the figure drawing
unit, wherein

the overhead image including the vehicle figure, parking frame figure, and
parking start frame figure drawn thereon is displayed on the display unit, the
position of the parking start frame figure on the overhead image varying with

changes in the steering angle of the vehicle.
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