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(57) Abstract: An image display device includes an imaging unit that captures an area
including at least a part of a rear wheel of the vehicle; a turning determination unit that
determines whether the vehicle will turn and travel; a display control unit that displays a
whole or a part of the area on a display as a non-turning-time image if it is determined
by the turning determination unit that the vehicle will travel without turning and dis-
plays the whole or a part of the area on the display as a turning-time image if it is de-
termined by the turning determination unit that the vehicle will turn and travel; and an
image setting unit that sets the turning-time image in such a way that a driver visually
recognizes a state of the rear wheel more easily through the turning-time image than
through the non-turning-time image.
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ON-VEHICLE IMAGE DISPLAY DEVICE, ON-VEHICLE IMAGE DISPLAY

METHOD, AND ON-VEHICLE IMAGE SETTING DEVICE
BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The present invention relates to an on-vehicle image display device and an

on-vehicle image display method.

2. Description of the Related Art

[0002] An electronic mirror system is known that captures the area to the side,
and in the back, of a vehicle with a camera and displays the captured image on a display
(for example, Japanese Patent Application Publication No. 2009-83618 (JP 2009-83618
A)). This system includes cameras mounted on the right and lett sides of the vehicle
body and a display mounted at a position where a driver inside the vehicle, who sits in the
driver’s seat, can visually re.cognize an image easily. In this system, the images
captured by the cameras mounted on the right and left sides of the vehicle body are
displayed on the display. Therefore, this system allows the driver inside the vehicle to
visually recognize the area on the side, or in the back, of the vehicle that is displayed on
the display, thus realizing a display-based electronic mirror that can be used in place of a
physical/optical side mirror. | |

[0003] In the electronic mirror system described. above, it is desirable for the
driver to visually recognize a position, including the grounding position between the rear
wheels and the traveling road, via the electronic mirror to avoid a situation in which the
vehicle’s inner-turning rear wheel runs against the curbstones or falls in a ditch when the
vehicle turns right or left at an intersection. However, in the system described in
Japanese Patent Application Publication No. 2009-83618 (JP 2009-83618 A) given above,

the area displayed on the display as an image is a fixed and predetermined area captured
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by the cameras (for example, the whole area).

[0004] Therefore, in the system described in Japanese Patent Application
Publication No. 2009-83618 (JP 2009-83618 A) given above, the following problem may
arise if the area displayed on the display is fixed in a state in which the grounding
position between the rear wheels and the traveling road is not sufficiently included.
That is, even if the driver visually recognizes the display when the vehicle turns, there is
a possibility that the driver cannot sufficiently confirm the grounding position between
the rear wheels and the traveling road. On the other hand, if the area displayed on the
display is fixed in the state in which the grounding position between the rear wheels and
the traveling road is sufficiently included, another problem may arise. That is, because
the range of the area in the back of the vehicle becomes small on the image on the display
or because the video on the side, and in the back, of the vehicle is not displayed, there is a
possibility that the driver finds it difficult to confirm an object at the side, and in the back,

of the vehicle.

SUMMARY OF THE INVENTION

[0005] The present invention provides an on-vehicle image display device, an
on-vehicle image display method, and an on-vehicle image setting device that make it
easy for the driver to visually recognize the state of the vehicle’s rear wheels without
decreasing the visibility on the side, and in the back, of the vehicle when the vehicle
turns.

[0006] An on-vehicle image display device in a first aspect of the present
invention includes an imaging unit that captures an area on a side of a vehicle and in a
back of the vehicle, the area including at least a part of a rear wheel of the vehicle; a
turning determination unit that determines whether the vehicle will turn and travel; a
display control unit that displays a whole or a part of the area, captured by the imaging

unit, on a display unit as a non-turning-time image if it is determined by the turning
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determination unit that the vehicle will travel without turning and displays the whole or a
part of the area, captured by the imaging unit, on the display unit as a turning-time image
if it is determined by the turning determination unit that the vehicle will turn and travel,
and an image setting unit that sets the turning-time image in such a way that a driver
visually recognizes a state of the rear wheel more easily through the turning-time image
than through the non-turning-time image.

[0007]  An on-vehicle image display method in a second aspect of the present
invention includes determining whether a vehicle will turn and travel; if it is determined
that the vehicle will travel without turning, setting a non-turning-time image based on an
area on a side of the vehicle and in a back of the vehicle, the non-turning-time image
being displayed on a display unit, the area including at least a part of a rear wheel of the
vehicle captured by an imaging unit and, if it is determined that the vehicle will turn and
travel, setting an image, through which a driver visually recognizes a state of the rear
wheel more easily than through the non-turning-time image, as a turning-time image
based on the area captured by the imaging unit, the turning-time image being displayed
on the display unit; and displaying the non-turning-time image or the turning-time image,
which has been set, on the display unit.

[0008] According to the present invention, it becomes easy for the driver to
visually recognize the state of the vehicle’s rear wheels without decreasing the visibility

on the side, and in the back, of the vehicle when the vehicle turns.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 1s a 1s a diagram showing a configuration of an on-vehicle image

display device in one embodiment of the present invention;
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FIG. 2 is a flowchart showing an example of a control routine performed on
the on-vehicle image display device in the embodiment;

FIG. 3 is a is a diagram showing an example of a video obtained by capturing
using an imaging unit of the on-vehicle image display device in the embodiment;

FIG. 4 is a is a diagram showing an example of an image displayed on a
display unit of the on-vehicle image display device in the embodiment when the vehicle
does not turn but travels straight ahead; and

FIG. 5 is a diagram showing an example of an image displayed on the
display unit of the on-vehicle image display device in the embodiment when the vehicle

turns.
DETAILED DESCRIPTION OF THE EMBODIMENTS

[0010]  An embodiment of an on-vehicle image display device and an on-vehicle
image display method of the present invention are described below with reference to the
drawings.

[0011] FIG 1 is a diagram showing a configuration of an on-vehicle image
display device 10 in one embodiment of the present invention. The on-vehicle image
display device 10 in this embodiment is a device, mounted on a vehicle, for displaying
the area (in particular, an area that is a blind spot of the driver of the vehicle) on the side,
and in the back, of the vehicle as an image. The on-vehicle image display device 10 is
an electronic miﬁor system provided in place of a physical/optical door mirror mounted
on the sides of the vehicle body.

[0012] As shown in FIG. 1, the on-vehicle image display device 10 includes two
cameras, camera 12 and camera 14. The camera 12 is mounted on the left outside of the
vehicle body. The camera 14 is mounted on the right outside of the vehicle body. The
cameras 12 and 14 may also be mounted each on a tilting stay that sticks out from the

outside of the vehicle body to the side of the vehicle. In the description: below, the
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camera 12 is called a left-side camera 12, and the camera 14 is called a right-side camera
14.  Both left-side camera 12 and right-side camera 14 are a digital camera that captures
an image at a predetermined pixel density.

[0013] The left-side camera 12 is oriented toward the back of the vehicle body
and obliquely downward from the stay on which it is mounted. The left-side camera 12
can capture a predetermined area on the left side, and in the left back side (that is, in the
back of the left side), of the vehicle body, including especially the position that is a blind
spot from the driver sitting in the driver’s seat. The area captured by the left-side
camera 12 includes at least a part of the left rear wheel, the grounding position between
the left rear wheel and the traveling road, and the left rear.

[0014]  The right-side camera 14 is oriented toward the back of the vehicle body
and obliquely downward from the stay on which it is mounted,. The right-side camera
14 can capture a predetermined area on the right side, and in the right back side (that is,
in the back of the right side), of the vehicle body, including especially the position that is
a blind spot from the driver sitting in the driver’s seat. The area captured by the
right-side camera 14 includes at least a part of the right rear wheel, the grounding
position between the right rear wheel and the traveling road, and right rear.

[0015] The left-side camera 12 includes a video processing unit 16 configured
mainly by a microcomputer. The right-side camera 14 includes a video process.ing unit
18 configured mainly by a microcomputer. That is, the left-side camera 12 and the
right-side camera 14 are both a video processing integrated camera that includes the
video processing unit 16 or 18. The video processing units 16 and 18 process the video
information on the area, captured by the cameras 12 and 14, as will be described later.

[0016] The on-vehicle image display device 10 has two displays 20 and 22. The
displays 20 and 22 are mounted each at a position where a driver inside the vehicle, who
sits in the driver’s seat, can visually recognize an image easily. The displays 20 is
arranged on the left side inside the vehicle (for example, in pillar A or the window on the

left side). The display 22 is arranged on the right side inside the vehicle (for example,
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in pillar A or the window on the right side). In the description below, the display 20 is

called the left-side display 20, and the display 22 is called the right-side display 22,
respectively.

[0017] The left-side display 20 is connected to the video processing unit 16
included in the left-side camera 12 described above. The video information captured by
the left-side camera 12 and video-processed by the video processing unit 16 is supplied to
the left-side display 20. The right-side display 22 is connected to the video processing
unit 18 included in the right-side camera 14 described above. The video information
captured by the right-side camera 14 and video-processed by the video processing unit 18
is supplied to the right-side display 22.

[0018] That is, after video processing the video information captured by the
left-side camera 12, the video processing unit 16 supplies the video information, captured
by the left-side camera 12, to the left-side display 20. When the video information is
supplied from the video processing unit 16, the left-side display 20 displays the supplied
video as an image. After video processing the video information captured by the
right-side camera 14, the video processing unit 18 supplies the video information,
captured by the right-side camera 14, to the right-side display 22. When the video
information is supplied from the video processing unit 18, the right-side display 22
displays the supplied video as an image.

[0019] The on-vehicle.imagé display device 10 includes a direction indicator
switch lever 24, a vehicle speed sensor 26, a steering angle sensor 28, and a shift position
sensor 30. The direction indicator switch lever 24, vehicle speed sensor 26, steering
angle sensor 28, and shift position sensor 30 are each connected to the cameras 12 and 14
and the displays 20 and 22 via an on-vehicle LAN (Local Area Network; for example,
Controller Area Network (CAN)) 32.

[0020] The cameras 12 and 14, displays 20 and 22, direction indicator switch
lever 24, vehicle speed sensor 26, steering angle sensor 28, and shift position sensor 30

each have the function to send and receive data according to the protocol corresponding
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to the on-véhicle LAN 32. The direction indicator switch lever 24, vehicle speed sensor
26, steering angle sensor 28, and shift position sensor 30 may also be connected to an
Electronic Control Unit (ECU) that has the function to send and receive data according to
the protocol corresponding to the on-vehicle LAN 32.

[0021]  The direction indicator switch lever 24 is a lever used to blink the blinker
lamp that indicates the direction in which the vehicle is about to turn. The direction
indicator switch lever 24 is set in one of the following three states: left sid’c blink stéte for
blinking the blinker lamp on the left side of the vehicle body, right side blink state for
blinking the blinker lamp on the right side of the vehicle body, and off state for turning
off both blinker lamps. The direction indicator' swifch lever 24, arranged near the
steering wheel, is operated by the driver. The information indicating the state of the
direction indicator switch lever 24 is supplied to the video processing units 16 and 18 of
the cameras 12 and 14. The video processing units 16 and 18 each determine whether to
blink one of the blinker lamps or to turn off the blinker lamps based on the state of the
direction indicator switch lever 24.

[0022] The vehicle speed sensor 26 is a sensor that outputs the signal
corresponding to the speed of the vehicle. The output signal of the vehicle speed sensor
26 is supplied to the video processing units 16 and 18 of the cameras 12 and 14. The
video processing units 16 and 18 each detect the speed V of the vehicle based on the
output signal of the vehicle speed sensor 26.

[0023] The steering angle sensor 28 is a sensor that outputs the signal
corresponding to the steering angle of the vehicle. The steering angle sensor 28 is
arranged near the steering wheel. The output signal of the steering angle sensor 28 is
supplied to the video processing units 16 and 18 of the cameras 12 and 14. The video
processing units 16 and 18 each detect the steering angle 0 and the steering direction of
the vehicle based on the output signal of the steering angle sensor 28.

[0024] The shift position sensor 30 is a sensor that outputs the signal

corresponding to the shift position of the shift lever operated by the driver. The output
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signal of the shift position sensor 30 is supplied to the video processing units 16 and 18
of the cameras 12 and 14. The video processing units 16 and 18 each detect the shift
position_of the shift lever based on the output signal of the shift position sensor 30.

[0025] Next, the operation of the on-vehicle image display device 10 in this
embodiment is described with reference to FIG. 2 to FI1G. 5.

[0026] FIG. 2 is a flowchart showing an example of a control routine performed
by the ECU 16 in the on-vehicle image display device 10 in the embodiment. FIG. 3isa
diagram showing an example of a video obtained by capturing using the cameras 12 and
14 (more specifically, the left-side camera 12) of the on-vehicle image display device 10
in the embodiment. FIG 4 isa diagram éhowing an example of an image displayed on
the displays 20 and 22 (more specifically, the left-side display 20) of the on-vehicle
image display device 10 in the embodiment when the vehicle does not turn but travels
straight ahead. FIG. 5 is a diagram showing an example of an image displayed on the
displays 20 and 22 (more specifically, the left-side display 20) of the on-vehicle image
display device 10 in the embodiment when the vehicle turns.

[0027] In this embodiment, when the accessory switch or the ignition switch of
the vehicle is turned on, the power is supplied to the cameras 12 and 14 and the displays
20 and 22 to start the operation.  After the power is supplied and the operation is started,
the cameras 12 and 14 each capture a predetermined area on the side, and in the back, of
the vehicle body. After the operation is started, the video processing units 16 and 18 of
the cameras 12 and 14 each perform video processing for the video information on the
areas, captured by the cameras 12 and 14, and display the obtained video on the displays
20 and 22 as an image.

[0028] More specifically, each of the video processing units 16 and 18 performs
the following processing after the operation is started. That is, each of the video
processing units 16 and 18 first determines whether the ignition switch is on and whether
the shift position, determined based on the output of the shift position sensor 30, is a

position other than the “reverse” (R) position that.indicates “reverse”, (for example, P
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position indicating “parking”, D range indicating “driving”, etc.) (step 100). This step is

performed repeatedly until it is determined that the ignition switch is turned on and that
the shift position is a position other than the R position.

[0029] If it is determined in step 100 above that the ignition switch is on and that
the shift position, determined based on the output signal of the shift position sensor 30, is
a position other than the R position, each of the video processing units 16 and 18 displays
the video of a part of the whole area, captured by the corresponding camera 12 or 14, on
the corresponding display 20 or 22 (step 102).

[0030] More specifically, each of the video processing units 16 and 18 first

selects and extracts the video of an area (area S1 shown in. FIG. 3), which is a part of the

- whole area SO and is positioned at a predetermined position, from the video of the whole

area (area SO shown in FIG. 3) captured by, and supplied from, the camera 12 or 14.
The video of the area S1, selected from the whole area S0, is displayed on the
corresponding display 20 or 22 as a normal image.

[0031] The area S1 selected and extracted as described above includes at least a
part of the back and the rear wheels of the vehicle. As shown in FIG. 3, this area S1 is
limited to a part in the upper part in which the road distant from the vehicle and a part of
the rear wheel are displayed. By limiting the area S1 to the upper part, the lower part of
the whole area, SO captured by the camera 12 or 14, is reserved for use as a part in which
the road near to the camera position and the most part of the rear wheel (in FIG. 3, the
rear wheel 1s indicated by ST) are displayed. The aspect ratio (that is, the ratio between
horizontal size and the vertical size) of the area S1 is set to a predetermined ratio
according to the screen size of the displays 20 and 22.

[0032]  After displaying the video of the area S1 as a normal display on the
displays 20 and 22 as described above, each of the video processing units 16 and 18 first
determines whether the direction indicator switch lever 24 is in the ON state in which the
corresponding blinker lamp is to be blinked (step 104). That is, the video processing

unit 16 of the left-side camera 12 determines whether the direction indicator switch lever
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24 is in ON the state in which the blinker lamp on the left side of the vehicle body is to be

blinked. The video processing unit 18 of the right-side camera 14 determines whether
the direction indicator switch- lever 24 is in the ON state in which the blinker lamp on the
right side of the vehicle body is to be blinked. This determination step is repeated until
the direction indicator switch lever 24 is determined to be in the ON state.

[0033] Ifitis determined in step 104 that the direction indicator switch lever 24 is
in the ON state, each of the video processing units 16 and 18 determines next whether the
vehicle speed V based on the output signal of the vehicle speed sensor 26 is equal to or
smaller than a predetermined vehicle speed VO or whether the steering angle 0 based on
the output signal of the steering angle sensor 28 is equal to or larger than a predetermined
steering angle 60 (step 106). This determination step is repeated until it is determined
that the vehicle speed V is equal to or smaller than the predetermined vehicle speed VO or
the steering angle O is equal to or larger than the predetermined steering angle 60.

[0034] The predetermined vehicle speed VO described above is the maximum
speed below which, when the vehicle turns right or left at an intersection and so on, the
driver need to recognize the part near the grounding position between the rear wheel and
the traveling road via the displays 20 and 22. For example, the predetermined vehicle
speed VO is set to 20km/h. The predetermined steering angle 60 described above is the
minimum steering angle above which, when the vehicle turns right or left at an
intersection and so on, the driver need to recognize the part near the grounding position
between the rear wheel and the traveling road via the displays 20 and 22. For example,
the predetermined steering angle 60 is set to a steering angle corresponding to an angle
when the steering wheel is turned 90 degrees from the neutral position.

[0035] - If it is determined in step 106 that V < VO or 6 > 60 is satisfied and if the
corresponding camera 12 or 14 is the camera on the vehicle traveling side (inner-turning
side) when the vehicle turns, the video processing unit 16 or 18 displays the video of the
whole or a part of the whole area S0, captured by the corresponding camera 12 or 14, on

the corresponding display 20 or 22 (step'108).
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[0036] More specifically, the video processing unit 16 or 18 performs the

following processing for the video supplied from the inner-turning camera 12 or 14.
That is, the video processing unit 16 or 18 first selects and extracts the video of the area
(area S2 shown in FIG. 3), which is the whole or a part of the whole area SO and is
positioned at a predetermined position, from the video of the whole area SO supplied
from the inner-turning camera 12 or 14. After that, the video processing unit 16 or 18
displays the video of the area S2, selected from the whole area S0, on the corresponding
display 20 or 22 as a turning-time image.

[0037] The area S2, a turning-time image selected and extracted as described
above, is set in such a way that, as compared with the area S1 that is a normal image
described above, the vehicle’s driver can visually recognize the state of the rear wheel of
the vehicle, displayed on the display 20 or 22, more easily. More specifically, the area
S2 is a part of the whole area SO captured by the camera 12 or 14 and is an area made
larger than the area S1.

[0038] The area S2 includes at least the area in the back of the vehicle, at least a
part of the rear wheel, and the grounding position between the rear wheel and the
traveling road. This area S2, which may be all of the whole area SO captured by the
camera 12 or 14 on the inner-turning side, is set at a position where both the upper part
and the lower part are included as shown in FIG. 3. The upper part, a part of the whole
area SO captﬁred by the inner-turning camera 12 or 14, is an area where the road distant
from the vehicle and a part of the rear wheel are displayed. The lower part is an area
where the road nearer to the vehicle and the most of the rear wheel (the rear wheel is
indicated by ST in FIG. 3) are displayed. That is, the area S2 is set as an arca that
includes at least all of the area S1 described above and that is larger than the area S1.
The aspect ratio of the area S2, which is set to a predetermined aspect ratio corresponding
to the screen size of the display 20 or 22, is the same as that of the area S1.

[0039] When the above video processing is performed by the video processing

unit 16 or 18, only the video, which is.displayed on the display 20 or 22 corresponding to
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the inner-turning side, is changed from the normal image in the area S1 to the.
turning-time image in the area S2.  When changing the video displayed on the display

20 or 22 on the inner-turning side from the normal image in the area S1 to the

turning-time image in the area S2 in step 108, the video processing unit 16 or 18 changes

the video from the normal image to the turning-time image using an electronic zooming

method, such as morphing, in a predetermined time (for example, one second or two

seconds).

[0040] If the condition V < VO or 6 > 00 is satisfied in step 106, the video
processing unit 18 or 16 displays the following on the corresponding camera 14 or 12 that
is the camera on the opposite side (outer-turning side) of the vehicle traveling side when
the vehicle turns. That is, the video processing unit 18 or 16 continues to display the
normal image, which includes the area S1 selected from the video of the whole area SO
captured by the camera 14 or 12, on the display 22 or 20 corresponding to the
outer-turning side.

[0041]  The video processing unit 16 or 18 displays the video of the area S2 on the
display 20 or 22 on the inner-turning side as a turning-time image as described above.
After that, the video processing unit 16 or 18 determines whether the direction indicator
switch lever 24 is in the state in which the corresponding blinker lamp is to be turned off
or whether the vehicle speed V based on the output of the vehicle speed sensor 26
exceeds the predetermined vehicle speed VO and the steering angle 6 based on the output
signal of the steering angle sensor 28 is smaller than the predetermined steering angle 60
(step 110).  This determination step is repeated until it is determined that the direction
indicator switch lever 24 is in the state in which the corresponding blinkér lamp is to be
turned off or whether the vehicle speed V exceeds the predetermined vehicle speed VO
and the steering angle 0 is smaller than the predetermined steering angle 60.

[0042] Ifit is determined in step 110 that the direction indicator switch lever 24 is
in the state in which the corresponding blinker lamp is to be turned off or that the vehicle

speed V exceeds the predetermined vehicle speed VO and the steering angle 6 is smaller
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than the predetermined steering angle 60, the video processing unit 16 or 18 releases the
display of the turning-time image on the display 20 or 22 corresponding to the
inner-turning side (step 112).

[0043]  After the video processing is performed by the video processing unit 16 or
18 as described above, the video displayed on the display 20 or 22 on the inner-turning
side 1s changed from the tuming-time image in the area S2 to the normal image in the
area S1. As a result, the normal image in the area S1 is displayed on both displays 20
and 22. When changing the video displayed on the display 20 or 22 on the inner-turning
side from the turning-time image in the area S2 to the normal image in the area S1 in step
112, the video processing unit 16 or 18 changes the video from the turning-time image to
the normal image using an electronic zooming method, such as morphing, in a
predetermined time (for example, one second or two seconds).

[0044] As described above, the on-vehicle image display device 10 in this
embodiment sets the area, which is displayed on the display 20 or 22 as an image. That
is, when the vehicle travels without turning, the area, which is displayed 6n the display 20
or 22 as an image, is set to the area S1 of the whole area SO. On the other hand, when
the vehicle turns, the area, which is displayed on the display 22 or 20 on the outer-turning
side as an image, is maintained to the area S1 of the whole area SO but the area, which is
displayed on the display 20 or 22 on the inner-turning side as an image, is set to the area
S2 of the whole area SO. In particular, when the vehicle turns, the area, which is
displayed on the display 20 or 22 on the inner-turning side as an image, is changed from
area S1, which is displayed when the vehicle travels without turning, to the area S2. As
a result, the image, which is displayed on the display 20 or 22 on the inner-turning side, is
changed from the normal image in the area S1 to the turning-time image in the area S2.

[0045] As described above, the area Sl includes the area in the back of the
vehicle, at least a part of the rear wheel. Of the whole area SO captured by the camera
12 or 14, the area S1 is limited to the upper part in which the road distant from the

vehicle and a part of the rear wheel ST are displayed. On the other hand, the area S2
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includes the area in the back of the vehicle, at least a part of the rear wheel; and the
grounding position between the rear wheel and the traveling road. Of the whole area SO
captured by the camera 12 or 14, the area S2 includes both the upper part, in which the
road distant from the vehicle and a part of the rear wheel are displayed, and the lower part
in which the road nearer to the vehicle and the most of the rear wheel ST are displayed.

[0046]  Therefore, the range, which is a part of the whole area SO captured by the
camera 12 or 14 and which includes the turning-time image displayed on the display 20
or 22 on the inner-turning side when the vehicle turns, can be made larger than the range
which includes the normal image that is displayed on the displays 20 and 22 when the
vehicle does not turn or that is displayed on the display 22 or 20 on the outer-turning side
when the vehicle turns.  This allows the turning-time image to be set in such a way that
the driver can view the image displayed on the display 20 or 22 and visually recognize
the state of the rear wheel of the vehicle more easily than when the driver views the
normal image.

[0047] In this configuration, the range, which is a part of the whole area s0
captured by the camera 12 or 14 and is occupied by the rear wheel on the inner-turning
side included in the area S2 displayed on the display 20 or 22 on. the inner-turning side as
a turning-time image when the vehicle turns, is larger than the range which is occupied
by the rear wheel included in the area S1 displayed on the displays 20 and 22 as a normal
image when the vehicle does not turn.  That is, of the two ranges in which the rear wheel
is displayed in the whole area SO, the range in which the rear wheel is displayed in the
area S2 is larger than the range in which the rear wheel is displayed in the area S1.
Therefore, when the vehicle turns, the grounding position between the rear wheel on the
inner-turning side of the vehicle and the traveling road and the area hear the grounding
position can be displayed clearly on the display 20 or 22 on the inner-turning side.  This
allows the driver to visually recognize the state of the rear wheel on the inner-turning side
easily.

[0048] As.described above, the area S2 is an area that includes all of the area S1
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and is enlarged larger than the area S1. Therefore, the configuration:described above
avoids the state, in which the range, occupied by the area in the back of the vehicle
included in the area S2 that is displayed on the display 20 or 22 on the inner-turning side
as a turning-time image when the vehicle turns, becomes smaller than the range occupied
by the area when the vehicle does not turn or avoids the state in which the area in the
back of the vehicle is not displayed at all. For this reason, when an object approaches
from the area on the side, or in the back, of the vehicle, this configuration maintains the
state in which the driver can visually recognize the approaching object easily.

[0049] Therefore, the on-vehicle image display device 10 in this embodiment
reserves a sufficient display range, in which the grounding position between the rear
wheel and the traveling road on the inner-turning side and the area near the grounding
position are displayed, without narrowing the display range of the area on the side, and in
the back, of the vehicle when the vehicle turns. This means that the configuration
allows the driver to visually recognize the state of the rear wheel on the inner-turning side
easily without decreasing the visibility of the area on the side, and in the back, of the
vehicle. Therefore, the on-vehicle image display device lOvin this embodiment helps
the driver avoid the situation in which the vehicle’s inner-turning rear wheel runs against
the curbstones or falls in a ditch while, at the same time, ensuring safe traveling when the
vehicle turns in the same manner as when the vehicle does not turn.

[0050]  In this embodiment, when the vehicle turns, only the area that is displayed
on the display 20 or 22 on the inner-turning side as an image is changed from the area S1
to the area S2.  On the other hand, the area that is displayed on the display 22 or 20 on
the outer-turning side remains to be the area S1.  When the vehicle turns, it is important
for the driver, who drives the vehicle, to recognize the state on the inner-turning side of
the vehicle body. Therefore, according to this embodiment, when the vehicle turns, the
area displayed on the display 20 or 22 is changed only on the display 20 or 22 on the
inner-turning side. Changing the area in this way is necessary and sufficient for safe

driving.
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[0051] In this embodiment, when the vehicle turns, the .area displayed on the

display 20 or 22 on the inner-turning side as an image is changed from the area S1 to the
area S2. This change is performed if it is determined that the vehicle is turning because
the direction indicator switch lever 24 is in the ON state and the steering angle 0 is large.
In addition, this change is performed if the direction indicator switch lever 24 is in the
ON state and the vehicle speed V is low.

[0052]  If the direction indicator switch lever 24 in the ON state and the vehicle
speed V is low, there is a high possibility that the vehicle is going to turn right or left and,
in this case, it is estimated that the vehicle will turn and continue traveling. Therefore,
according to this embodiment, the area is changed from the area S1 to the area S2 on the
display 20 or 22 on the inner-turning side immediately before the vehicle turns. This
enables the driver to start visually recognizing the grounding position between the rear
wheel and the traveling road and the area near to the grounding position on the
inner-turning side via the display 20 or 22 on the inner-turning side at an early time
immediately before turning. |

[0053] In this embodiment, the area S2, which is displayed on the display 20 or
22 on the inner-turning side as an image when the vehicle turns, is enlarged larger than
the area S1 that is displayed when the vehicle travels without turning.  After that, if the
direction indicator switch lever 24 becomes the OFF state or if the steering angle 6
becomes small and the vehicle speed V becomes high, it is determined that the vehicle
has finished turning. When the vehicle has finished turning, the display of the
turning-time image in the area S2 on the display 20 or 22 on the inner-turning side is
released. Once released, the display on the display 20 or 22 returns to the normal image
in the area S1. In this manner, after the vehicle has finished turning, the on-vehicle
image display device 10 in this embodiment provides the driver with the normal display
via the right or left display 20 or 22, thus allowing the driver to travel safely as usual.

[0054] In this embodiment, when the image displayed on the display 20 or 22 is

changed from the normal image in the area S1 to the turning-time image in the area S2
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(that is, when the image is changed from the normal image to the turning-time image or,
conversely, from the turning-time image to the normal image), the change is made using
an electronic zooming method, such as morphing, in a predetermined time. Therefore,
this embodiment avoids the situation in which the display on the display 20 or 22 is
changed suddenly between the normal image in the area S1 and the turning-time image in
the area S2, preventing the display change from giving the driver a feeling that something
is wrong.

[0055] In this embodiment, the area S1 and the area S2, which are displayed on
the display 20 or 22 as an image, have the same aspect ratio. Having the same aspect
ratio between these areas in this manner prevents the aspect ratio of the area, displayed on
the display 20 or 22 as an image, from being changed when the area displayed on the
display 20 or 22 as an image is changed between the area S1 and the area S2.  Therefore,
when the vehicle is going to turn or has finished turning, this embodiment allows the
driver to easily keep a sense of distance in an image when viewing the display 20 or 22,
preventing the change in the area displayed on the display 20 or 22 from giving the driver
a feeling that something is wrong.

[0056] In the embodiment described above, the cameras 12 and 14 are an
example of “imaging means” and an “imaging unit”. The ECU 16 is an example of
“turning determination means” and a “turning determination unit”.  The execution of the
processing by the ECU 16 in steps 104, 106, and 110 in the routine shown in FIG. 2 is an
example of “determining whether a vehicle will turn and travel”. The normal image in
the area S1 is an example of a “non-turning-time image” and a “first image”. The
turning-time image 1n the area S2 is an example of a “turning-time image” and a “second
image”. The displays 20 and 22 are an example of “display means”. The ECU 16 is
also an example of “display control means”. The execution of the processing in steps
108 and 112 by the ECU 16 is an example of “displaying the non-turning-time image or
the turning-time image, which has been set, on the display unit”. The ECU 16 is also an

example of “image setting means” and an “image setting unit”. Setting, by:the-ECU 16,
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the turning-time image in the area S2 in such a way that; as compared with the normal
image in the area S1, the driver can visually recognize the state of the rear wheel of the
vehicle more easily is an example of “if it is determined that the vehicle will travel
without turning, setting a non-turning-time image based on an area on a side of the
vehicle and in a back of the vehicle, the non-turning-time image being displayed on a
display unit, the area including at least a part of a rear wheel of the vehicle captu'red by an
imaging unit and, if it is determined that the vehicle will turn and travel, setting an image,
through which a driver visually recognizes a state of the rear wheel more easily than
through the non-turning-time image, as a turning-time image based on-.the area captured
by the‘imag.ing unit, the tuming-time image being displayed on the display unit.”

[0057] In the embodiment described above, the state of the direction indicator
switch lever 24 and the steering angle 6 based on the output of the steering angle sensor
28 are used to determine whether the vehicle turns. The present invention is not limited
to this method. Instead, in addition to, or in place of, the parameters, the result of
determination, which indicates whether the position of the vehicle in the navigation
system has reached an intersection where the vehicle will turn right or left on the
navigation route, may be used.

[0058] In the embodiment described above, the displays 20 and 22 are arranged
on the left side and the right side inside the vehicle. The present invention is not limited
to this arrangement. Instead, the meters on the instrumental panel or a
multi-information display may be used as the displays 20 and 22.

[0059] In the embodiment described above, the cameras 12 and 14 are a video
processing integrated camera that includes the video processing unit 16 or 18. The
present invention is not limited to this tjpe of camera. Instead, a video processing unit,
configured mainly by a microcomputer, may be provided outside the camera 12 or 14.
In this case, the video information captured by the left-side camera 12 and the video

information captured by the right-side camera 14 may be processed by separate video

*. processing units or by the common video processing unit.
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[0060] In addition, in the embodiment described above, the area S2, which is a
part of the whole area SO captured by the camera 12 or 14 and is displayed on the display
20 or 22 on the inner-turning side as an image when the vehicle turns, is enlarged larger
than the area S1 while including all of the area S1 that is displayed on the display 22 or
20 on the outer-turning side when the vehicle turns as an image or on the display 20 or 22
as an image when the vehicle does not turn. In this way, this embodiment allows the
vehicle driver to view the image displayed on the display 20 or 22 and to visually
recognize the state of the rear wheel of the vehicle more easily when the driver views the
turning-time image than when the driver views the normal image.

[0061] The present.inventi'on is not limited to the niethoa described above. As
means for allowiﬁg the vehicle driver to view the image displayed on the display 20 or 22
and to visually recognize the state of the rear wheel of the vehicle more easily through the
turning-time image than through the normal image, another method may also be used.
For example, instead of enlarging the area S2, which is displayed on the display 20 or 22
as the turning-time image, larger than the area S1 which is displayed as the normal image
in the whole area SO, the position of the area S1 may be changed within the whole area
SO (that is, the position of the area, selected from the whole area SO for extraction, is
changed between the time the vehicle turns and the time the vehicle does not turn). In
addition, instead of making the area S2, which is displayed on the display 20 or 22 as an
image when the vehicle turns, larger than the area S1 which is displayed on the display 20
or 22 in the whole area SO as an image when the vehicle does not turn and instead of
changing the position of the area S1, only the range, occupied by the rear wheel on the
inner-turning side included in the area S2, may be enlarged larger than the range occupied
by the rear wheel included in the area S1. These modifications also clearly display the
grounding position between the rear wheel on the inner-turning side of the vehicle and
the traveling road, as well as the area near to the grounding position, on the display 20 or
22 on the inner-turning side when the vehicle turns, allowing the driver to visually

recognize the state of the rear wheel on the inner-turning side easily.
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CLAIMS:

1. An on-vehicle image display device comprising:

an imaging unit that captures an area on a side of a vehicle and in a back of the
vehicle, the area including at least a part of a rear wheel of the vehicle;

a turning determination unit that determines whether the vehicle will turn and
travel;

a display control unit that displays a whole or a part of the area, captured by the
imagihg unit, on a display unit as a non-turning-time image if it is determined by the
tumiﬁg determination unit that the vehicle will travel without turning and displays the
whole or a part of the area, captured by the imaging unit, on the display unit as a
turning-time image if it is determined by the turning determination unit that the vehicle
will turn and travel; and

an image setting unit that sets the turning-time image in such a way that a driver
visually recognizes a state of the rear wheel more easily through the turning-time image

than through the non-turning-time image.

2. The on-vehicle image display device according to claim 1, wherein
the image setting unit sets a range, which is a part of the area captured by the
imaging unit and which includes the turning-time image, larger than a range that includes

the non-turning-time image.

3. The on-vehicle image display device according to claim 2, wherein
the image setting unit sets a range, occupied by the rear wheel included in the
turning-time image, larger than a range occupied by the rear wheel included in the

non-turning-time image.

4. The on-vehicle image display device according to any one of claims 1 to 3,
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wherein
the turning-time image includes at least a grounding position between the rear

wheel and a traveling road.

5. The on-vehicle image display device according to any one of claims 1 to 4,
wherein

the range, which is a part of the area captured by the imaging unit and which
includes the turning-time image, includes all of the range that includes the

non-turning-time image.

6. The on-vehicle image display device according to any one of claims 1 to 5,
wherein

the turning determination unit determines that the vehicle will turn and travel if a
direction indicator switch lever is operated and if a vehicle speed is equal to or lower than
a predetermined vehicle speed or a steering angle is equal to or larger than a
predetermined steering angle and determines that the vehicle will travel without turning if
the direction indicator switch lever is not operated or-if the vehicle speed is higher than
the predetermined vehicle speed and the steering angle is smaller than the predetermined
steering angle and

the display control unit changes the image, displayed on the display unit, from the
non-turning-time image to the turning-time image if a state determined by the turning
determination unit changes from a state, in which it is determined that the vehicle will not

turn, to a state in which it is determined that the vehicle will turn.

7. The on-vehicle image display device according to claim 6, wherein
the display control unit changes the image, displayed on the display unit, from the
turning-time image to the non-turning-time image if the state determined by the turmning

determination unit changes from the state, in which it'is determined that the vehicle will
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turn, to the state in which it is determined that the vehicle will not turn.

8. The on-vehicle image display device according to claim 6 or 7, wherein
the display control unit changes the image, displayed on the display unit, between

5  the non-turning-time image and the turning-time image in a predetermined time.

9. The on-vehicle image display device according to any one of claims 1 to 8,
wherein

the non-turning-time image and the turning-time image has the same aspect ratio.

10
10. The on-vehicle image display device according to any one of claims 1 to 9,
wherein
the imaging unit is provided on each of a right side and a left side of a vehicle
body of the vehicle,
15 the display control unit displays the whole or a part of the area, captured by the

imaging unit on each of the right side and the left side of the vehicle body, on the display
unit each as an image and
the image setting unit sets only the turning-time image, captured by the imaging
unit corresponding to a side to which the vehicle is going to turn, in such a way that the
20  driver visually recognizes the state of the rear wheel more easily through the turning-time

image than through the non-turning-time image.

11. An on-vehicle image display method comprising:
determining whether a vehicle will turn and travel;
25 if it is determined that the vehicle will travel without turning, setting a
non-turning-time image based on an area on a side of the vehicle and in a back of the
vehicle, the non-turning-time image being displayed on a display unit, the area including

at least a part of a rear wheel of the vehicle captured by an imaging unit and, if it is
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determined that the vehicle.will turn and travel, setting an image, through which a driver
visually recognizes a state of the rear wheel more easily than through the
non-turning-time image, as a turning-time image based on the area captured by the
imaging unit, the turning-time image being displayed on the display unit; and

displaying the non-turning-time image or the turning-time image, which has been

set, on the display unit.

12. An on-vehicle image setting device comprising:

an imaging unit that captures an area on a side of a vehicle and in a back of the
vehicle, the area including at least a part of a rear wheel of the vehicle;

a turning determination unit that determines whether the vehicle will turn and
travel; and

an image setting unit that outputs a first image if the turning determination unit
determines that the vehicle will travel without turning and, at the same time, outputs a
second image if the turning determination unit determines that the vehicle will turn and
travel, the first image being displayed on a display device based on an image captured by
the imaging unit, the second image being displayed on the display device based on the
captured image, the second image being an image through which a driver visually
recognizes a state of an area around the rear wheel rﬁore easily than through the first

image.
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