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1
SURROUNDINGS MONITORING DEVICE OF
VEHICLE

TECHNICAL FIELD

The present invention relates to a surroundings monitor-
ing device of a vehicle for monitoring surroundings of the
vehicle when the vehicle such as industrial machinery
including a hydraulic excavator, a dump truck and a road
work machine is operated.

BACKGROUND ART

For industrial machinery, a hydraulic excavator as a work
machine for excavating earth and sand, for example, can be
given and besides, for haulage machinery that hauls the earth
and sand excavated by the hydraulic excavator, a dump truck
can be given. The hydraulic excavator and the dump truck
are a moving vehicle and a moving vehicle provided with a
surroundings monitoring device that monitors surroundings
of the vehicle in work has been heretofore widely known.
For a concrete configuration of the surroundings monitoring
device, generally, the vehicle is equipped with cameras and
besides, in a cab, a display is installed in a position in front
of a driver’s seat for an operator to sit. Images acquired by
the cameras are displayed on a display screen in the shape
of a dynamic image.

To acquire a visual field in a wide range around the
vehicle, revolving upperstructure is equipped with plural
cameras. To eliminate a dead angle in a monitoring visual
field substantially all around the vehicle displayed on the
display, a configuration that view points are converted by
processing monitor images of surroundings acquired by the
plural cameras according to a signal and the monitor images
are displayed on the display screen as a top view monitor
image acquired by projection onto a plane is disclosed in a
patent literature 1. In this patent literature 1, industrial
machinery as an object is a hydraulic excavator and cameras
are installed in total three locations of a rear position and
positions on both right and left sides of the hydraulic
excavator. As an operator is directly visible as to the front
side of the hydraulic excavator, a forward image is not
imaged in the patent literature 1, however, industrial
machinery provided with a camera in a front position is also
known.

An optical axis of an imaging lens of the above-men-
tioned each camera is directed diagonally downward.
Images imaged by each camera are through images and
images acquired by converting view points to be upper view
points on the basis of these through images are bird’s-eye
images acquired by projection from the upside of the
vehicle.

The bird’s-eye images are displayed on the display
screen, however, at this time, an illustration (a planar image
showing the hydraulic excavator) acquired by symbolizing
the hydraulic excavator is displayed on the display screen as
a vehicle icon and the bird’s-eye image acquired by each
camera is arranged around the vehicle icon. In the patent
literature 1, the vehicle icon is displayed in a central position
of the display screen, each upper view point image is
arranged in a rear area and in areas on the right and left sides
of the vehicle icon, and a synthetic bird’s-eye image as
surroundings monitoring is displayed.

w

10

15

25

30

35

40

45

50

55

60

65

2
CITATION LIST

Patent Literature

Patent Literature 1: JP-A No. 2010-204821

SUMMARY OF INVENTION
Technical Problem

A circumferential situation of the hydraulic excavator
(another industrial machinery displaying a monitor image is
also similar) is displayed by displaying the synthetic bird’s-
eye image around the vehicle icon as a planar image, and it
can be determined in which direction and how far a person
and a thing to be obstruction of operation exist and whether
the vehicle has possibility of contact with them depending
upon an operating state or not. In addition, as an operator is
not required to change his/her attitude and to move for
surroundings monitoring with the operator seated on a
driver’s seat, usability for surroundings monitoring is high.
In this case, the display is fixedly provided inside a cab,
however, the display may be also a head mounted display
which the operator can wear.

Incidentally, as a surroundings monitoring image is dis-
played on the display having a finite display area, moreover,
the plural cameras are provided in different locations and a
direction of a visual field of each camera is different, the
surroundings monitoring device disclosed in the patent
literature 1 is not necessarily perfect.

That is, individual bird’s-eye images acquired by con-
verting viewpoints of images from three (or four including
the front side) cameras to upper view points are respectively
trimmed and are pasted on each area formed around a
vehicle illustration displayed on the display. Accordingly, to
display as individual bird’s-eye images, a part of the image
is cut off. Moreover, each image is displayed with each
image pasted together, however, a boundary is made in
pasting. As the cameras are arranged in different positions
and image video from different directions, an image required
for monitoring, that is, a to-be-monitored image requiring
monitoring that collides or may collide when the hydraulic
excavator is operated may exist in a part cut off from an
image to be displayed in trimming.

In general, to prevent an area not imaged by any camera,
that is, a blind area from being caused, plural cameras are
used for surroundings monitoring. Accordingly, positional
relation among each camera is adjusted, a wide angle lens is
used for each camera, and visual fields of the adjacent
cameras are made mutually overlapped.

Though the to-be-monitored image is imaged by any
camera as an object, the to-be-monitored image may be not
displayed on the display. As the display area of the display
has a limit and images by two cameras different in a
direction of the visual field are displayed with the images
pasted together, a part lacking from an image displayed on
the display exists. That is, a position outside the display area
of the display and a position of a boundary between each
bird’s-eye image are a display lacking location and a to-be-
monitored image is located in the display lacking location,
the to-be-monitored image is not displayed on the display.

The present invention is made in view of the above-
mentioned problem and an object is to securely display a
to-be-monitored image on a display even if the to-be-
monitored image exists in an image lacking from a bird’s-
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eye image displayed on the display for surroundings moni-
toring though the to-be-monitored image is imaged by the
camera.

Solution to Problem

To settle the above-mentioned problem, the present inven-
tion is based upon a surroundings monitoring device of a
vehicle where plural cameras are provided around the
vehicle as industrial machinery, a bird’s-eye image is created
by converting view points of a through image imaged by
each camera, the vehicle is displayed as a vehicle icon on a
display and each bird’s-eye image is displayed in a limited
display area around the vehicle icon as a synthetic bird’s-eye
image. The present invention has a characteristic that the
surroundings monitoring device of the vehicle according to
the present invention is provided with an image aggregating
unit that aggregates each through image imaged by each
camera on one screen, a to-be-monitored image detector that
detects a coordinate position on the synthetic bird’s-eye
image of a to-be-monitored image to be an object of sur-
roundings monitoring on the basis of the image aggregated
by the image aggregating unit and an image synthesizer that
displays the to-be-monitored image detected by the to-be-
monitored image detector on the display.

Advantageous Effects of Invention

When a to-be-monitored image exists in a position in
which the to-be-monitored image lacks from the bird’s-eye
image for surroundings monitoring displayed on the display
though the to-be-monitored image is imaged by plural
cameras provided to the vehicle, the to-be-monitored image
can be securely displayed on the display.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a side view showing a dump truck as one
example of industrial machinery.

FIG. 2 is a plan view showing a hydraulic excavator
shown in FIG. 1.

FIG. 3 is a block diagram showing the whole surround-
ings monitoring device of the dump truck.

FIG. 4 is an illustration showing a display image of a
display provided to the dump truck;

FIG. 5A is an illustration showing display of a planar
bird’s-eye image being one mode of a bird’s-eye image
display method.

FIG. 5B is an illustration showing display of a spherical
bird’s-eye image being another mode of the bird’s-eye
image display method.

FIGS. 6A to 6F are illustrations showing a process related
to a method of generating a planar bird’s-eye image on the
basis of through images.

FIG. 7 is an illustration showing a synthetic bird’s-eye
image displayed on the display and areas undisplayable in
the synthetic bird’s-eye image.

FIG. 8 is a flowchart showing a flow of a through image
imaging process by an image processor.

FIG. 9 is an illustration showing an example of a to-be-
monitored image index on the planar bird’s-eye image.

FIG. 10 is an illustration showing one example of a
to-be-monitored image index formed when display of a
to-be-monitored image is small.

DESCRIPTION OF EMBODIMENT

Referring to the drawings, an embodiment of the present
invention will be described below. In this case, for industrial
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4

machinery, a dump truck to which the present invention is
applied as a vehicle that hauls ore in a mine is given.
However, a vehicle as industrial machinery is not limited to
this type dump truck, and the present invention can be also
applied to a hydraulic excavator and the other working
machines which are a vehicle provided with an undercar-
riage having a travel base and provided with revolving upper
structure having working means for working such as exca-
vating earth and sand on the undercarriage. Moreover, the
dump truck has two types of a rigid type and an articulated
type, and the present invention may be applied to both types.
In short, a surroundings monitoring device equivalent to this
embodiment can be applied to an arbitrary vehicle for
performing predetermined work (haulage and excavation).
In the following description, “left” denotes the left in a
forward view from a cab and “right” denotes the right in a
view from the cab.

FIG. 1 and FIG. 2 show schematic configuration of a
dump truck 1. The dump truck 1 is basically configured by
a body frame 2, a front wheel 3, a rear wheel 4 and a dump
body 5. Cameras 6F, 6B, 6R, 6], as imaging means are
provided to the dump truck 1 in four locations. The cameras
6F, 6B, 6R, 6L (in the following description, unless a
position of the camera is specified, a camera 6 is used) are
provided in front of the cab 7, at the back of the cab and on
both right and left sides of the cab.

The body frame 2 configures a body of the dump truck 1,
the front wheel 3 is provided in front of the body frame 2,
and the rear wheel 4 is provided at the back of the body
frame. A pair of right and left front wheels 3 and a pair of
right and left rear wheels 4 are provided. The dump body 5
is a load body and is provided to load earth, sand and
minerals. The dump body 5 is configured so that earth, sand
and minerals are loaded in a horizontal state and can be
unloaded backward by tilting operation.

The cab 7 is provided with various operating means for a
driver to operate the dump truck 1 aboard. For example, a
shift lever and others for advancing or retreating the dump
truck 1 are provided as the operating means. The cab 7 is
provided with an image processor 8 and a display 9 as shown
in FIG. 3. Surroundings of the dump truck 1 are imaged by
the cameras 6F, 6B, 6R, 6L provided to each position in a
longitudinal direction and in a lateral direction of the dump
truck 1 and predetermined image processing is applied to
their picture signals in the image processor 8. Video data
output from the image processor 8 is displayed on the
display 9 in a state of a dynamic image.

In this case, a dynamic image is displayed on the display
9, however, an image configuring video when the the image
is acquired by the camera 6 is a through image. These
through images are output picture signals from imaging
means of the camera 6, however, it is a synthetic bird’s-eye
image 10 shown in FIG. 4 that is displayed on the display 9.
The synthetic bird’s-eye image 10 is displayed as an image
acquired by viewing the dump truck 1 and a situation around
the dump truck from the upside.

The camera 6 images with its optical axis directed diago-
nally downward, however, the synthetic bird’s-eye image 10
is acquired by converting view points of camera images
(through images) 11F, 11B, 11R, 11L to be upper view points
and its dynamic image is displayed. The synthetic bird’s-eye
image 10 is an image acquired by setting a virtual plane and
projecting onto the virtual plane in a visual line from the
upside. The virtual plane can be arbitrarily set, however, in
this embodiment, a ground plane L. of the dump truck 1 is set
as the virtual plane.
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Four individual bird’s-eye images and a vehicle icon 10S
showing a reduced image or an illustration of the dump truck
1 are generated by installing the four cameras 6F, 6B, 6R, 6L.
on the dump truck 1 and converting the through images 11F,
11B, 11R, 11L acquired from the respective cameras from
actual view points to respective upper viewpoints by a
bird’s-eye imaging processing unit 12. The synthetic bird’s-
eye image 10 that seems to overlook the dump truck 1 and
its surroundings is displayed by arranging the vehicle icon
10S in the center of the display 9 and displaying each
individual bird’s-eye image 10F, 10B, 10R, 10L around the
vehicle icon 108S.

To prevent display of the display 9 from including a dead
angle, a wide angle lens is used for widening a visual field
of each camera 6F, 6B, 6R, 6L to 90 degrees or more, for
example, between 120 and 180 degrees, and the visual field
of each camera 6F, 6B, 6R, 6L is partially overlapped.
Moreover, the vehicle icon 10S can be also made undis-
played, however, the display of the vehicle icon 10S is
advantageous in enabling being used for a key for an
operator to check a surrounding situation, especially to
check a monitoring range, a direction of the vehicle and
others.

The display 9 is provided in the cab 7 of the dump truck
1 and an operator can precisely grasp a situation around the
dump truck 1 by viewing the display of the display 9 with
his/her eyes. That is, positions of a person and a thing
located around the dump truck 1 can be precisely recognized
by displaying the synthetic bird’s-eye image 10.

Consequently, the operator can precisely grasp a situation
of' a work site in which the dump truck 1 is operated, the
operator checks whether a worker and others exist around
the dump truck 1 or not, whether another vehicle is located
or not and further, whether various equipment, further,
constructions and the other objects exist around the dump
truck or not, the operator can smoothly operate the dump
truck 1, and the operator can operate the dump truck,
avoiding contact with a person and an object. Accordingly,
it can be said that the synthetic bird’s-eye image 10 is an
image for monitoring surroundings of the dump truck 1.

To display a bird’s-eye image on a screen of the display
9, some display methods can be given. For typical methods,
a planar bird’s-eye image shown in FIG. 5A and a spherical
bird’s-eye image shown in FIG. 5B can be given. The planar
bird’s-eye image has an equal interval P in a direction of the
depth and in a direction of the width of the bird’s-eye image
on the screen according to a display mode shown in FIG. 5A.
In the meantime, the spherical bird’s-eye image shown in
FIG. 5B is an image 105 having a spherical spread according
to a display mode showing a concave spherical shape in a
perspective direction and in the direction of the width from
the center, and both display modes can be also adopted. In
the first place, as a super-wide-angle lens is used for the
camera 6 for monitoring the surroundings, an image dis-
torted from an optical axis center toward a circumference is
acquired and an actually acquired image has spherical
distortion from the optical axis center into the direction of
the width and in the perspective direction, however, a planar
image is acquired by correcting this spherical distortion.

Then, a planar bird’s-eye image process method will be
described, referring to FIGS. 6A to 6E below. FIGS. 6A to
6F show a process for bird’s-eye imaging on the basis of a
through image imaged by the camera 6R installed on the
right side and the bird’s-eye imaging processing unit 12
individually processes a through image of each camera 6F,
6B, 6R, 6L.. As a bird’s-eye imaging processing method on
the basis of a through image by conversion of a viewpoint
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6

is heretofore well-known, the detailed description is omitted.
For example, the through image is a right through image 11R
shown in FIG. 6A, an area F'T shown by a dotted line in the
bird’s-eye image is trimmed, and an image FTR shown in
FIG. 6B is displayed on the display 9. In this case, in display
as a synthetic bird’s-eye image, each bird’s-eye image is
displayed in an area having a substantially parallelepipedic
shape as shown in FIG. 4.

Then, when the through image 11R of the camera 6R is
trimmed to display on the display 9, the trimmed image FTR
is first extracted as shown in FIG. 6B. To produce a planar
bird’s-eye image, view points are converted and distortion
of the image is corrected. The distortion correction of the
image is performed by correcting the number of pixels in a
direction of the width and in a direction of the depth of the
image from an optical axis center using predetermined
correction parameters. The planar bird’s-eye image shown
in FIG. 5A is acquired by this processing. Consequently, as
shown in FIG. 6C, pixels on the distant side increase for
pixels on the close side of the dump truck 1, simultaneously,
in the direction of the width, the number of pixels also
increases from the center toward the circumference, and the
whole image area is parallelepipedic.

Each through image 11F, 11B, 11L by the cameras 6F, 6B,
6L are also similarly trimmed as shown in FIG. 6B from
each through image shown in FIG. 6A and bird’s-eye
imaging processing is applied to each trimmed through
image as shown in FIG. 6C. After the processing, the
synthetic bird’s-eye image 10 is produced by sequentially
displaying each individual bird’s-eye image 10F, 10L, 10B,
10R in respective predetermined areas as shown in FIG. 6E
in such a state that the vehicle icon 10S is arranged in the
center position of the display 9 as shown in FIG. 6D.

The synthetic bird’s-eye image 10 is a monitor image
around the dump truck 1 and the surrounding monitored
image shows whether a person and an object exist around the
dump truck 1 or not. An object of surroundings monitoring
is workers around the dump truck 1, others and another
vehicle. Further, when a construction and others object may
exist around the dump truck, these objects can be also
monitored.

In short, the display 9 is used for checking whether an
object to be monitored is located around the dump truck 1 or
not. Accordingly, the object to be monitored is a to-be-
monitored image and the to-be-monitored image is required
to be securely displayed on the display 9. In addition, an
operator is enabled to recognize a position and a direction
from the dump truck 1 to the to-be-monitored image and to
determine whether the to-be-monitored image may come in
contact with operation as haulage means of the dump truck
1, that is, the dump truck in traveling and in steering or not.

In other words, the surroundings monitoring device of the
vehicle avoids collision and contact with a to-be-monitored
object by definitely displaying a to-be-monitored image
requiring monitoring in operation of the vehicle classified
into industrial machinery on the display 9 and making an
operator operating the industrial machinery recognize the
to-be-monitored image and therefore, the surroundings
monitoring device makes work smooth and efficient. The
to-be-monitored image is accordingly set according to an
operating situation of the industrial machinery mounting the
display 9.

For example, the dump truck 1 is operated in a work site
such as a mine, a working mechanism such as a hydraulic
excavator for excavating earth and sand and a wheel loader,
a fuel feed vehicle and other various vehicles are located and
operated around the dump truck, and under such a situation,
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these types of vehicles are to-be-monitored images. That is,
the to-be-monitored image is an object required to be
monitored so as to avoid contact and collision while the
vehicle executing monitoring is operated. Furthermore, in a
site in which workers act, they are to-be-monitored objects.
Further, when an object such as a construction, machinery
and tools is arranged around the dump truck, these objects
can be also made to-be-monitored images.

When industrial machinery to be an object of surround-
ings monitoring is operated at a civil engineering works site
and is operated in a mine, to-be-monitored images are set
according to respective cases. That is, a to-be-monitored
image is set according to a site where industrial machinery
is operated and besides, a to-be-monitored image varies.

For example, when surroundings of the dump truck 1
operated in amine as a work site are monitored, persons
including workers, service vehicles for refilling fuel and
others, work vehicles for various maintenance, further, cars
and others are included in to-be-monitored images. As a
to-be-monitored image has color and a shape different from
a natural thing in a work site, the to-be-monitored image can
be specified with the natural thing as a reference.

The synthetic bird’s-eye image 10 shown in FIG. 4
displays the whole surroundings of the dump truck 1 and an
operator can recognize a direction of a to-be-monitored
image and distance to the dump truck 1. However, as the
to-be-monitored image is displayed on the screen of the
display 9 having only a limited display area, it cannot be said
that the display is the maximum possible measure even if the
display is useful in view of surroundings monitoring.

That is, as shown in FIG. 7, when a work site in which the
dump truck 1 is operated is WEF, the close side undisplayable
area PA displaying the vehicle icon 10S and a limit exceed-
ing undisplayable area DA outside a display area of the
synthetic bird’s-eye image 10 are a to-be-monitored image
undisplayable area out of a range of a monitoring area. In
addition to this area, boundaries BA between each individual
bird’s-eye image 10F and 10L, between 10L and 10B,
between 10B and 10R and between 10R and 10F may be
also a boundary display lacking area as a to-be-monitored
image undisplayable area displaying and lacking no to-be-
monitored image.

A to-be-monitored image is normally three-dimensional
and has height, however, as to the synthetic bird’s-eye image
10, information of the height is represented as length in a
visual line direction from the camera 6. As the ground plane
L of the dump truck 1 is set as a virtual plane as to the
synthetic bird’s-eye image 10, a to-be-monitored image is
represented like a shadow extended on an extended line in
the visual line direction of the camera 6 from a ground
position of the to-be-monitored image on the screen of the
display 9. Therefore, when a to-be-monitored image is
located inside the single individual bird’s-eye image, the
whole to-be-monitored image is represented in the synthetic
bird’s-eye image 10, however, when the to-be-monitored
image is located in a position close to the boundary BA
between mutually adjacent individual bird’s-eye images or
in a position across the boundary BA, the to-be-monitored
image is not definitely displayed.

On the display 9, respective display areas of the bird’s-eye
images 10F, 10L are restrictive, therefore, arcas of these
bird’s-eye images 10F, 10L are trimmed, however, in trim-
ming, an area cut off from display exists. Therefore, even if
the bird’s-eye images 10F, 10L connect on the plane of the
ground plane L, the whole or a part of to-be-monitored
image may lack from the bird’s-eye images 10F, 10L. or from
the boundary BA between these 10F and 10L depending
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upon a position of the to-be-monitored image. Such omis-
sion in displaying the to-be-monitored image is remarkable
in the planar bird’s-eye image shown in FIG. 5A, in the
meantime, information of a portion between each individual
bird’s-eye image 10F, 10B, 10R, 10L is abundant in the
spherical bird’s-eye image shown in FIG. 5B, however,
though possibility of the omission of the to-be-monitored
image is low, the omission of the to-be-monitored image can
occur.

As described above, in displaying on the display 9 as a
bird’s-eye image, the occurrence of the to-be-monitored
image undisplayable area cannot be avoided. However, even
if the to-be-monitored image exists in any of these to-be-
monitored image undisplayable areas, the to-be-monitored
image is displayed in any through image. Therefore, as for
a to-be-monitored image existing in a cut-off image portion
as in a case that a to-be-monitored image exists in a portion
cut off in trimming and removed from display, the actual
to-be-monitored image or an image acquired by character-
izing the actual to-be-monitored image, for example, is
required to be displayed.

Moreover, a display area of the display 9 has a limit and
a to-be-monitored image may exist in a position out of the
limit. As the synthetic bird’s-eye image 10 including the
vehicle icon 10S and each individual bird’s-eye image 10F,
10B, 10R, 10L displays a range required for surroundings
monitoring, it does not especially come into question that a
to-be-monitored image in a farther position than the display
limit of the display 9 is not displayed. However, when a
to-be-monitored image is displayed in any through image
11F, 11B, 11R, 11L, it may be desirable that an operator is
also made to recognize the to-be-monitored image existing
in an area outside the display area of the synthetic bird’s-eye
image 10 in any method. For example, a situation that the
to-be-monitored image in the position is a moving object
such as a vehicle and the dump truck moves closer to the
vehicle being the to-be-monitored image can be given. In
this case, it is desirable that any display is made so as to
make an operator recognize access of the to-be-monitored
image.

On the basis of the above description, in the image
processor 8 shown in FIG. 3, a to-be-monitored image
detector 20 is provided so as to detect a to-be-monitored
image on a through image and through images 11F, 11B,
11R, 11L of the cameras 6F, 6B, 6R, 6L are aggregated by
an image aggregating unit 21. A to-be-monitored image is
detected on an intensive screen by a to-be-monitored image
search unit 20A and a coordinate position detection unit 20B
respectively of the to-be-monitored image detector 20. Next,
a synthetic bird’s-eye image 10 is generated by an image
synthesizer 22, the to-be-monitored image is superimposed
on the synthetic bird’s-eye image 10 together with a to-be-
monitored image index TS generated by a to-be-monitored
image index generator 23, and the superimposed image is
displayed. That is, the image synthesizer 22 and the to-be-
monitored image index generator 23 function as a to-be-
monitored image indexing section.

Next, image processing of through images 11F, 11B, 11R,
11L by the image processor 8 will be described in detail,
referring to FIG. 8. First, when surroundings of the dump
truck 1 are imaged by the cameras 6F, 6B, 6R, 6L, coordi-
nate axes configured by perpendicular two axes are set on
the intensive screen in the image aggregating unit 21.
Accordingly, image data of the through images 11F, 11B,
11R, 11L of the cameras 6F, 6B, 6R, 6L. is input in respective
positions on the intensive screen (a step (hereinafter called
S) 801), and the image aggregating unit 21 synthesizes the
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through images 11F, 11B, 11R, 11L of the cameras 6F, 6B,
6R, 6L to be one screen (S802).

Next, the to-be-monitored search unit 20A detects a
to-be-monitored image by scanning the intensive screen
(S803) and judges whether the to-be-monitored image exists
or not (S804). At this time, when it is judged that no
to-be-monitored image exists (S804/No), processing in the
following S807 is executed.

In the meantime, when it is judged that a to-be-monitored
image exists (S804/Yes), its coordinate position is detected
by the coordinate position detection unit 20B (S805). The
detection of the to-be-monitored image is performed by
recognizing color and a shape in through images 11F, 11B,
11R, 11L as described above. When the to-be-monitored
image is detected as described above, the to-be-monitored
image index TS is generated by the to-be-monitored image
index generator 23 (S806).

As described above, four images can be collectively
processed and the to-be-monitored image can be detected at
high speed. Data of whether a to-be-monitored image exists
or not and of its coordinate position are acquired by this
process. Moreover, the to-be-monitored image can be also
specified by using a method such as pattern recognition.
Further, it can be also determined whether the to-be-moni-
tored image moves or not by comparing image data tempo-
rally different in the image aggregating unit 21. However,
collective processing of four images is not necessarily
essential and the to-be-monitored image can be also detected
by scanning the individual through image 11F, 11B, 11R,
11L.

The image synthesizer 22 instructs the bird’s-eye imaging
processing unit 12 to convert view points of through images
11F, 11B, 11R, 111 acquired by the cameras 6F, 6B, 6R, 6L
and the image synthesizer inputs data related to the synthetic
bird’s-eye image 10 configured by the individual bird’s-eye
images 10F, 10B, 10R, 10L.. Moreover, data related to the
vehicle icon 108 is also input to the image synthesizer 22.

The coordinate position of the to-be-monitored image
detected by the to-be-monitored image detector 20 and data
related to the specification of the to-be-monitored image, for
example, whether the to-be-monitored image is a person, a
vehicle or a fixed thing or not if necessary are also input.
Hereby, the image synthesizer 22 generates a synthetic
bird’s-eye image 10S on the basis of the input data (S807)
and outputs its video signal to the display 9 (S808). The
image processing of through images 11F, 11B, 11R, 11L is
finished by the above-mentioned process.

The video signal from the image synthesizer 22 is input to
the display 9, the vehicle icon 10S is located in the center of
the display 9, and the synthetic bird’s-eye image 10 config-
ured by the individual bird’s-eye images 10F, 10B, 10R, 10L,
is displayed around the vehicle icon 10S. When to-be-
monitored images such as vehicles V1, V2 exist in the
display area of the synthetic bird’s-eye image 10, the to-be-
monitored images are superimposed in predetermined posi-
tions on the synthetic bird’s-eye image 10 together with
to-be-monitored image indexes TS on the basis of the data
related to the to-be-monitored image detected by the to-be-
monitored image detector 20, and the superimposed image
is displayed.

The to-be-monitored image index TS is not only added so
as to make an operator recognize its undisplayed image
because the screen of the display 9 has constraint though
display of the to-be-monitored image is required but can be
also added to a to-be-monitored image having high possi-
bility that an operator may miss though the to-be-monitored
image is displayed on the display 9. When a visual field at

10

15

20

25

30

35

40

45

50

55

60

65

10

the back of the vehicle is to be mainly secured, the vehicle
icon 10S can be also biased in front of the screen and the
vehicle icon 10S is not necessarily limited to a central
position.

In the meantime, when a to-be-monitored image exists in
the to-be-monitored image undisplayable area, the to-be-
monitored image is also displayed. The to-be-monitored
image is displayed in such a state that the image is super-
imposed on the vehicle icon 10S in the close side undis-
playable area PA displaying the vehicle icon 10S, and the
similar display is also made in the boundary display lacking
area BA. The to-be-monitored image itself can be also
displayed and a characterized image may be also displayed.

For a concrete example, one example displaying a to-be-
monitored image in the boundary display lacking area BA is
shown in FIG. 4. FIG. 4 shows that the vehicle V1 is
displayed in a position in the individual bird’s-eye image
10R out of the individual bird’s-eye images 10F, 10B, 10R,
10L respectively configuring the synthetic bird’s-eye image
10 and the vehicle V2 is located in the boundary display
lacking area BA between the individual bird’s-eye images
10F, 10R. Aside from the vehicle V1, as the vehicle V2 is
located in the boundary display lacking area BA, an image
of the vehicle V2 are based upon images from the cameras
6F, 6R different in a position and a direction, when an object
image is displayed as it is, the image is deformed or is lost
partially or as a whole, and the image may be unable to be
precisely recognized as a to-be-monitored image.

In FIG. 4, the vehicle V2 is displayed in such a state that
a part of a through image 11R is cut out and the to-be-
monitored image is encircled by the to-be-monitored image
index TS. Hereby, at a glance of the display 9, the vehicle V2
can be recognized. Moreover, an image of the vehicle V1 is
displayed without lack, however, in FIG. 4, the to-be-
monitored image index TS is also displayed around the
vehicle V1. Hereby, the vehicle V1 is also more clearly
displayed and the display of the to-be-monitored image on
the display 9 can be made outstanding. The vehicle V2 is
largely displayed in the image, however, when display of a
to-be-monitored image is small, the to-be-monitored image
is highlighted, and the display of the to-be-monitored image
on the display 9 can be prevented from being missed.

In the meantime, as the limit exceeding undisplayable
area DA outside the display area of the synthetic bird’s-eye
image 10 is located outside the screen of the display 9, the
display in the position is impossible. Then, a predetermined
mark is displayed on the display 9 so as to make an operator
recognize this as a quotation mark. As for the quotation
mark, different marks can be also used for a person, a vehicle
and the other object as a to-be-monitored image, and the
same mark may be also used independent of difference
among objects. To enable an operator to recognize distance
to a to-be-monitored image, such control that a quotation
mark is blinked, blinking speed is retarded in a far position
and as the to-be-monitored image approaches, blinking
speed is raised can be made. It is natural that as the
to-be-monitored image is displayed on the synthetic bird’s-
eye image 10 when the to-be-monitored image enters the
display area of the display 9, the display of the quotation
mark is stopped.

In the embodiment of the present invention, the case that
the to-be-monitored image index TS encircles the to-be-
monitored image with a rectangular frame is described,
however, the present invention is not limited to this case,
predetermined color may be also applied and a to-be-
monitored image may be also encircled by a circle. More-
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over, for another to-be-monitored image index, such marks
shown in FIG. 9 can be displayed.

In FIG. 9, the to-be-monitored image index is formed by
an arrow. That is, a to-be-monitored image located inside the
close side undisplayable area PA is shown by an arrow AHN
in FIG. 9 and hereby, it proves that the to-be-monitored
image exists at an end of the arrow AHN under the vehicle
icon 108 or in a close position. Moreover, as for the limit
exceeding undisplayable area DA, the existence of a to-be-
monitored image is displayed by an arrow AHF. It is
recognized that the to-be-monitored image exists in a posi-
tion of an extended line of the arrow AHF.

Further, an arrow AHB displays that a to-be-monitored
image exists in the boundary display lacking area BA in the
boundary between the bird’s-eye images and the arrow AHB
displays that the position is shown by a circle. When a
to-be-monitored image is moving, it is desirable that a
moving direction and moving velocity are displayed on the
screen of the display 9. For a display mode, when the
moving direction is shown by the arrows AHN, AHF, AHB,
an operator can readily grasp the moving direction. More-
over, the moving velocity can be shown by length of the
arrows AHN, AHF, AHB, further, the arrows AHN, AHF,
AHB are blinked, and when distance between a to-be-
monitored image and the dump truck 1 is close, blinking
speed can be raised.

Furthermore, as shown in FIG. 10, there is a case that a
to-be-monitored image is a person and at only a glance of the
display 9, the to-be-monitored image cannot be recognized
though the to-be-monitored image is displayable because the
to-be-monitored image itself is extremely small on the
display 9. In such a case, an operator can readily recognize
the to-be-monitored image by encircling the to-be-moni-
tored image with a square frame FW. The frame FW can be
also shown by a dotted line, however, to more intensely
attract attention of an operator, it is desirable that the frame
FW is large-sized. Moreover, to make an operator recognize
a to-be-monitored image, it may be also desirable that the
to-be-monitored image itself is large-sized and displayed.

LIST OF REFERENCE SIGNS

1 Dump truck

6, 6B, 6F, 61, 6R Camera

8 Image processor

9 Display

10S Vehicle icon

10B, 10F, 10L, 10R Bird’s-eye image

11B, 11F, 11L, 11R Through image

12 Bird’s-eye imaging processing unit

20 To-be-monitored image detector

20A To-be-monitored image search unit

20B Coordinate position detection unit

21 Image aggregating unit

22 Image synthesizer (To-be-monitored image indexing
section)

23 To-be-monitored image index generator (To-be-moni-
tored image indexing section)
The invention claimed is:
1. A surroundings monitoring device of a vehicle, as

industrial machinery, comprising:
a plurality of cameras configured to capture a plurality of

through images of surroundings of the vehicle;
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an image processor configured to convert a respective
viewpoint of each of the through images to generate a
plurality of bird’s-eye images, and to generate a syn-
thetic bird’s-eye image including a vehicle icon indi-
cating the vehicle using the plurality of respective
bird’s-eye images; and

a display connected to the image processor and configured

to display the synthetic bird’s-eye image generated by
the image processor,

wherein the image processor is further configured to:

aggregate each of the through images captured by the
plurality of cameras on one screen and generate an
intensive screen,

when the synthetic bird’s-eye image is displayed and
when the to-be-monitored image is located on a
boundary between two of the plurality of bird’s-eye
images, respectively cut out a part of the to-be-
monitored image included in each of the correspond-
ing through images of the two of the plurality of
bird’s-eye images and superimpose the respective
cut out parts together, as the to-be-monitored image,
at a position of the boundary on the synthetic bird’s-
eve image, and

superimpose an image index surrounding the superim-
posed cut out parts for enabling recognizing the
to-be-monitored image on the synthetic bird’s-eve
image, and

wherein the synthetic bird’s-eve image is displayed on the

display with the image index and the cut out parts
superimposed thereon.

2. The surroundings monitoring device of the vehicle
according to claim 1, wherein:

the plurality of cameras are provided in four locations in

a longitudinal direction and in a lateral direction of the
vehicle, and

each of the plurality of bird’s-eve images is displayed

around the vehicle icon with the vehicle icon indicating
the vehicle in the center of the synthetic bird’s eve
image with the cut out parts superimposed thereon.

3. The surroundings monitoring device of the vehicle
according to claim 1, wherein the image processor is further
configured to:

display a position and a moving direction of the to-be-

monitored image.

4. The surroundings monitoring device of the vehicle
according to claim 1, wherein the image processor is further
configured to:

when the synthetic bird’s-eye image is displayed and

when the to-be-monitored image is located in a display
range of the display, display the to-be-monitored image
in a recognizable state,

when the synthetic bird’s-eye image is displayed and

when the to-be-monitored image is located outside the
display range of the display, display the to-be-moni-
tored image with a mark showing a position and a
moving direction thereof, and

when the synthetic bird’s-eye image is displayed and

when the to-be-monitored image located outside the
display range enters the display range of the display
corresponding to one of the plurality of bird’s eye
images, stop displaying the mark.
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