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(57) Abréegée/Abstract:

A surrounding monitoring device of a work machine includes: a display unit; a plurality of cameras acquiring a surrounding
condition of the work machine; an image processing unit generating a bird's-eye image indicating the surrounding condition of the
work machine on the basis of Iimages imaged by the cameras; a work machine operation detection unit detecting an operation of
the work machine; and a display control unit displaying, on the display unit, a single camera image imaged by one or more
cameras, of the plurality of cameras, the bird's-eye image, mechanical gauge display, menu display, and/or breakdown Iinformation
display. Further, when the operation of the work machine Is detected, the display control unit performs control of enlarging
surroundings of the work machine on the bird's-eye image, compared with surroundings of the work machine on the bird's-eye
Image before the operation of the work machine is detected.
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ABSTRACT

A surrounding monitoring device of a work machine
includes: a display unit; a plurality of cameras acquiring
a surrounding condition of the work machine; an image
processing unit generating a bird’s-eye image indicating

Jren

the surrounding condition of the work machine on the basis

of 1mages imaged by the cameras; a work machine operation
detection unlt detecting an operation of the work machine;
and a display control unit displaying, on the display unit,

p—

a single camera image imaged by one or more cameras, of the

plurality of cameras, the bird’s-eye image, mechanical

gauge display, menu display, and/or breakdown information

—~

display. Further, when the operation of the work machine

1s detected, the display control unit performs control of

enlarging surroundings of the work machine on the bird’s-

y—

eye 1mage, compared with surroundings of the work machine

on the bird’s-eye image before the operation of the work

machine 1s detected.



o

10

15

20

23

30

# ! CA 02959480 2017-02-27

DESCRIPTION
SURROUNDING MONITORING DEVICE OF WORK MACHINE AND METHOD OF

MONITORING SURROUNDINGS OF WORK MACHINE

Field

[0001] The present inventicn relates to a surrounding

el

monitoring device of a work machine and a method of

monitoring surroundings of a work machine, which can reduce
a troublesome operation of a display screen by an operator,

when an operation to operate the work machine is performed.

Background

[0002] In the field of work machines such as hydraulic
excavators, there 1s a work machine in which a plurality of
cameras are installed on the rear and/or the side of a
vehicle body, in addition to mirrors, so that an operator
(driver) can visually recognize an obstacle existing in the
surroundings of the vehicle body. Then, images imaged by
the cameras are displayed on a monitor in a driver's cab of
the work machine, as single camera images.

[0003] Further, there 1s a work machine that converts
images of respective cameras into images with an upper
viewpolnt and then composites the images of the respective
cameras to generate a bird’s-eye image, and displays the

generated bird’'s-eye image on a monitor so that an operator
can monitor 360-degree surroundings of a vehicle body at
the same time. Further, there is a work machine that
displays a single camera image imaged by a camera selected
Py an operator on a monitor, in addition to a bird’s-eye
image (see Patent Literature 1).

Citation List

Patent Literature

(0004} Patent Literature 1: JP 2012-74929 A

Summary

Technical Problem
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[G005] By the way, a work device of the hydraulic
excavator swings around the entire periphery, and thus when
an obstacle exists 1n the surroundings of the hydraulic
excavator, there 1s a possibility that the work device

collides with the obstacle when an upper swing body swings.

To avoid such a collision, it is important to provide an
operator with an i1mage that displays 360-degree
surroundings of the hydraulic excavator in a bird’'s-eye
manner. However, the bird’s-eye 1mage 1s a composition of
an image group of single camera 1mages that are converted

into images with an upper viewpoint, and is not suitable to

confirm an object appearing in the image in more detail.
Therefore, as described above, there i1s a work machine that
displays the single camera image together with the bird’s-

eye 1lmage on the same monitor. In a case where the bird’s-

eye 1lmage and the single camera image are displayed on such

—

a monitor at the same time, the screen size of the bird’s-

eye 1mage pecomes smaller than that of the case where only

the bird’s-eye 1mage 1s displayed due to the limited space

g

of the monitor screen. Since the bird’s-eye image is one

image obtained by compositing the plurality of camera

images, there is a problem that the object appearing in the

image i1s difficult to distinguish if the bird’s-eye image
1s small.

(0006] Further, i1n a case where an obstacle exists in
the surroundings of the hydraulic excavator, the

possibility that the hydraulic excavator collides with the

obstacle when performing an operation such as a travel
operation or a swing operation becomes high. Therefore, it
1s favorable to display the bird’s-eye image that can
display a surrounding condition of the hydraulic excavator
larger when a travel lever or a swing lever is operated.

[0007] The present 1nvention has been made in view of
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the foregoing, and an object 1s to provide a surrounding

monitoring device of a work machine and a method cof

monitoring surroundings of a work machine, which make a
display region of a bird’s-eye image large when an

operation to operate the work machine is performed, thereby

to enable an operator to easily confirm a surrounding

p—

condition of the work machine.

Solution to Problem

(0008] To resolve the above problem and attain the

object, according to the present invention, a surrounding

monltoring device of a work machine includes: a display
unit; a plurality of cameras acquiring a surrounding
condition of the work machine; an image processing unit
generating a bird’s-eye image that indicates the
surrounding condition of the work machine on the basis of
images 1maged by the plurality of cameras; a work machine
operation detection unit detecting an operation of the work
machine; and a display control unit displaying, on the
display unit, a single camera image imaged by one or a
piurality of the cameras, of the plurality of cameras, the
bird’s-eye 1lmage, mechanical gauge display, menu display,
and/or breakdown information display. Further, when the
operation of the work machine is detected, the display

—

control unit performs control of enlarging surroundings o:

R

the work machine on the bird’s-eye image, compared with

surroundings of the work machine on the bird’s-eye image

before the operation of the work machine is detected.
[0009] According to the present invention, in the

surrounding monitoring device of a work machine according

Lo the above aspect of the present invention, the work

machine operation detection unit detects an operation of an

operation lever and/or a travel lever.

(0010} According to the present invention, the
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surrounding monitoring device of a work machine according

to the above i1nvention further includes a plurality of

radars that detects an obstacle in the surroundings of the

work machine. Further, the display control unit detects

the obstacle on the basis of information acgquired by the

plurality of radars, and displays obstacle information on
the display unit when the obstacle exists.

[0011] According to the present invention, the
surrounding monitoring device of a work machine according
toc the above invention, further includes an abnormality

determination unit determining that an abnormality has

occurred in the work machine. Further, the display control

unit does not enlarge the bird’s-eye image on the display

unit even 1f the operation of the work machine is detected,
when the abnormality determination unit determines that
some sort of abnormality has occurred in the work machine.
[0012] According to the present invention, a surrounding
monitoring device of a work machine includes a display
unit; a plurality of cameras acquiring a surrounding

pp—

condition of the work machine; an image processing unit

generating a bird’s—-eye image that indicates the
surrounding condition of the work machine on the basis of
images 1maged by the plurality of cameras; a display
control unit displaying, on the display unit, a single
camera image imaged by one or a plurality of the cameras,

of the plurality of cameras, mechanical gauge display, menu

display, and/or breakdown information display, in addition

to the bird’s-eye image; and an instruction unit
instructing enlargement of surroundings of the work machine

on the bird’'s-eye image. Further, the display control unit

performs processing of enlarging the surroundings of the
work machine on the bird’s-eye image in response to an

operation with the instruction unit.
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[0013] According to the present invention, in the
surrounding monlitoring device of a work machine according
to the above invention, the display unit is provided to a
remcte operation seat, a control room, or a portable

terminal.

(0014] According to the present i1nvention, a surrounding

P

monitoring device of a work machine includes a display

unit; a plurality of cameras acquiring a surrounding

condition of the work machine; an image processing unit

generating a bird’s-eye image on the basis of images imaged
by the plurality of cameras; a work machine operation
detectlon unit detecting an operation of the work machine;
and a display control unit displaying, on the display unit,

a single camera 1mage imaged by cne or a plurality of the

pr—

cameras, of the plurality of cameras, the bird’s-eye image,

mechanical gauge display, menu display, and/or breakdown

information display. Further, when a swing operation of

- the work machine is detected, the display control unit

performs control of enlarging a display region of the

bird’s-eye image on the display unit, compared with a
display region of the bird’s-eye image before the swing

operation of the work machine is detected.

[0015] According to the present invention, a method of

—

monitoring surroundings of a work machine includes:

acquliring a surrounding condition by a plurality of cameras
provided in'surroundings of a work machine; generating a
bird"s-eye image that indicates the surrounding condition

—

cf the work machine on the basis of images imaged by the

plurality of cameras; detecting an operation of the work
machine; displaying, on a display unit, a single camera

1mage 1maged by one or a plurality of the cameras, of the

plurality of'cameras, the bird’s-eye 1mage, mechanical

gauge display, menu display, and/or breakdown information
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display; and performing, when detecting the operation of
the work machine, control of enlarging surroundings of the

work machine on the bird’s-eye 1mage, compared with

_

surroundings of the work machine on the bird’s-eye image

¥

pefore detecting the operation of the work machine.

[0016] According to the present invention, the control

of enlarging the surroundings of the work machine cn the

bird’s—-eye 1mage, compared with the surroundings of the

ey

work machine on the bird’s-eye image before the operation

of the work machine 1s detected, i1s performed when the

e

operation c¢f the work machine 1s detected. Therefore, a

troublesome operation of a display screen by an operator

can be reduced.

Brief Description of Drawings

[0017] FIG. 1 1s a side view 1llustrating an overall
configuration of a hydraullc excavator 1in which a
surrounding monitoring device of a work machine according

to an embodiment of the present invention is mounted.

FIG. 2 is a diagram illustrating an internal

arrangement of a driver's cab.

FIG. 3 1s a block diagram illustrating an entire

=

control system of the hydraulic excavator.

FIG. 4 is an explanatory diagram describing processing

of generating a bird’s-eye image by a bird’s-eye image
generation unit.

FIG. 5 is a side view 1llustrating an arrangement of

cameras.

FIG. 6 1s a plan view schematically i1llustrating an

arrangement of cameras.

FIG. 7 1s a side view 1llustrating an arrangement of

radars.

FIG. 8 1s a plan view schematically illustrating an

arrangement of radars.
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FIG. 9 1s a diagram for describing a manual image

gr—

switching processing of a surrounding monitoring monitor.

FIG. 10 1is a flowchart illustrating an automatic image
switching processing procedure of the surrounding

monitoring monitor by a controller.

FIG. 11 1s a diagram illustrating an example in which

the surrounding monitoring monitor is provided to a remote

operation seat.

FIG. 12 1s a diagram illustrating an example in which

the surrounding monitoring monitor is provided to a

portable terminal.
Description of Embodiments

[0018] Hereinafter, embodiments for implementing the

present invention will be described with reference to the

accompanied drawings.

(00197 [Overall Configuration of Hydraulic Excavator]

First, FIG. 1 1s a side view illustrating an overall

configuration of a hydraulic excavator in which a
surrounding monitoring device of a work machine according
to an embodiment of the present invention is mounted. This
hydraulic excavator 1 is a large hydraulic excavator, such
as a mining hydraulic excavator used in a mine or the like,

1llustrated as an example of the work machine. The

hydraullc excavator 1 includes a self-propelled lower

traveling body 2, an upper swing body 3 arranged on the

lower traveling body 2 in a freely swingable manner, and a

work machine 4 operated in a freely foldable and
derrickable manner in a front center of the upper swing
body 3.

[0020] The work machine 4 includes a boom 4a, an arm 4b,
a bucket 4c, a boom cylinder 4d, an arm cylinder 4e, and a
bucket cylinder 4f. A base end part of the boom 4a is
rotatably coupled with the upper swing body 3. A distal
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end part of the boom 4a is rotatably connected wilth a base
end part of the arm 4b. A distal end part of the arm 4b is
rotatably connected with the bucket 4c. The boom cylinder

4d, the arm cylinder 4e, and the bucket cylinder 4f are

hydraulic cylinders driven by working oil discharged from a
hydraulic pump (not illustrated). The boom cylinder 4d

operates the boom 4a. The arm cylinder 4e operates the arm

4h. The bucket cylinder 4f is coupled with the bucket 4c
through a link member, and operates the bucket 4c. A

cylinder rod of the bucket cylinder 4f performs an
extension/contraction operation, so that the bucket 4c 1is
operated. Note that, in FIG. 1, the hydraulic excavator 1

functions as a backhoe with an opening of the bucket 4c

facing a swing center. However, the hydraulic excavator 1

may function as a front hydraulic excavator with the

opening of the bucket 4c facing outward from the swing

center.

10021 ] A driver's cab 6 is installed on a front left

side part of the upper swing body 3 through a cab base 5.

A power container 7 is mounted on a rear part of the upper

swing body 3. In the power container 7, an englne, a
hydraulic pump, a radiator, an oil cooler, and the like are

accommodated. A counter weight 8 1s attached to a rear end

part of the upper swing body 3. An up-and-down ladder 9 is

.

arranged on a left side part of the upper swing body 3 to

F

be positioned in the rear of the cab base 5. The up-and-

down ladder 9 assists up and down of the driver or a

maintenance worker to/from the upper swing body 3.

(0022] [Driver's Seat]
FIG. 2 is a diagram illustrating an internal
arrangement of the driver's cab 6. As illustrated in FIG.

2, operation levers 11 and 12 are arranged on the right and

left of an operator seat 10 in the driver's cab ©. The
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operation lever 11 is arranged on the left hand side when
the operator sits on the operator seat 10. The operation
lever 12 1s arranged on the right hand side when the

operator sits on the operator seat 10. The operation lever

11 corresponds to a swing operation of the upper swing body

3 and an operation of the arm 4b. When the operation lever

11 1s operated right and left, the upper swing body 3
swings right and left, and when the operation lever 11 1is

operated up and down, the arm 4b 1is rotated in a front and

rear dlrection. The operation lever 12 corresponds to an
operation of the boom 4a, and an operation of the bucket 4c.
When the operation lever 12 is operated right and left, the

bucket 4c is rotated in an excavating/soil removing

direction, and when the operation lever 12 is operated up

and down, the boom 4a 1s rotated i1n the up and down

direction. Note that the combinations of the operations of
the operation levers 11 and 12, and the operations of which
work devices are not limited to the present embodiment.
[0023] A travel lever 13 can advance/reverse a left-side
crawler belt of the lower traveling body 2 in response to

an operation. Further, a travel lever 14 can

advance/reverse a right crawler belt of the lower traveling
body 2 1in response to an operation. For example, when only
the travel lever 13 1s operated to advance the left crawler
belt, the right crawler belt remains stopped although only

the left crawler belt is advanced, and thus the lower

travelling body 2 performs an travel and swing operation

clockwise. Further, when only the travel lever 14 is
operated to advance the right crawler belt, the left
crawler belt remains stcpped although only the right
crawler belt 1s advanced, and thus the lower traveling body

2 performs an travel and swing operation anticlockwise.

When the travel levers 13 and 14 are operated at the same
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time, the right and left crawler belts are driven at the

same time, and the entire hydraulic excavator 1 can be

advanced/reversed.

[0024] Further, a surrounding monitoring monitor 15, a

monitor 16, and a buzzer 17 are arranged on a front left

-

frame of the driver's cab 6. The surrounding monitoring

]

monitor 15 is an input/output device formed of a touch

I

panel, and can display at least a surrounding condition o:

the hydraulic excavator 1 acquired by a plurality of
cameras, as a bird’s-eye 1lmage and a single camera image.
The monitor 16 is an input/output device including a liguid
crystal display unit and a key input unit. The monitor 16
can display various types of information i1ncluding states
of the engine, the hydraulic pump, and the like. For
example, the monitor 16 can display mechanical gauge
display such as an engine water temperature, an oil
temperature, a residual amount of fuel, breakdown
information (including icons for warning occurrence of
abnormality) indicating information of what type of
abnormality has occurred in the wvarious devices of the
hydraulic excavator and information regarding abnormality

that occurred i1n the past, menu display for the operator

performing various types of setting, and the like. Further,
a plurality of display items, of the mechanical gauge
display, the breakdown information display, and the menu
display, may be displayed on one screen.

(0025] The buzzer 17 issues a warning when an obstacle

gu——

is detected by a plurality of radars. Note that

information of the obstacle 1s also displayed on an image

of the surrounding monitoring monitor 15 when the obstacle

1S detected.

[0026] [Overall Configuration of Control System]

FIG. 3 1is a block diagram illustrating a configuration
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R

of an overall control system of the hydraulic excavator 1.

As illustrated in FIG. 3, a surrounding monitoring
controller 40 is connected with a CAN 41 that is one of in-

vehlcle networks. A communication controller 42, a monitor

controller 43, an engline controller 44, a pump controller
45, operation levers 11 and 12, travel levers 13 and 14,

and the like are connected with the CAN 41. Further, a

camera group C including a plurality of cameras Cl to C7, a

radar group R 1ncluding a plurality of radars R1 to R8, the
surrounding monitoring monitor 15, and the buzzer 17 are
connected with the surrounding monitoring controller 40.

[0027] The surroundling monitoring controller 40 performs

surrounding monitoring control. The surrounding monitoring
controller 40 includes an image processing unit 51, an
obstacle processing unit 52, and a display control unit 53.
Further, the 1lmage processing unit 51 includes a bird’s-eye
image generation unit 54 and an image composition unit 55.

[0028] The bird’s-eye 1mage generation unit 54 generates

a bird’s-eye i1mage 61 based on images obtained from the

respective cameras Cl to C7. As illustrated in FIG. 4, the

bird"s—-eye image generation unit 54 converts images Pl to

P7 obtained from the respective cameras Cl to C7 into upper
viewpoint images. That is, the bird’s-eye image generation
unit 54 converts the images Pl to P7 into images as viewed

from a predetermined virtual viewpoint positioned above the

hydraulic excavator 1. To be specific, the bird’s-eye

image generation unit 54 performs image conversion to

project an image from the virtual viewpoint above the
hydraullic excavator 1 to a predetermined virtual projection
surface corresponding to a ground surface level GL.
Following that, the bird’s-eye image generation unit 54

cuts out converted i1mages P11l to P17 corresponding to

regions El to E7 of a frame in which the bird’s-eye image




10

15

20

25

30

CA 2959480 2017-05-10

12

1s displayed, and composites the converted images Pll to
P17/ within the frame. An image P corresponding to a plan
view of the hydraulic excavator 1 is affixed to the bird's-
eye 1mage 61 generated by the bird's-eye image generation
unit 54, in adwvance.

(0029} Meanwhile, the obstacle processing unit 52

p—

detects an obstacle on the basis of information of the

radars R1 to R8. When the obstacle processing unit 52 has
detected the obstacle, the obstacle processing unit 52
sounds the buzzer 17 to inform the detection of the
obstacle, and outputs obstacle information, such as a size
and a position of the detected obstacle, to the image
composition unit 55. The bird's-eye image 61 and the camera
images imaged by the respective cameras cl to C7 are input
to the 1mage composition unit 55. When the obstacle
informatlion has been input from the obstacle processing

unit 52, the image composition unit 55 generates an image

obtalned by compositing the obstacle information to the

pird's-eye image 61 and the camera images. The obstacle

information may just have a configuration like a point Al
in a region E4 of FIG. 4, for example, and the bird's-eye

image 61 is displayed on the surrounding monitoring monitor

1o after the point Al is composited to the bird's-eye image
cl. In doing so, the operator can easily recognize the
position of the obstacle and the distance from the

hydraullc excavator.

[0030] As another form of the obstacle information, for

example, when the obstacle is detected, an outer frame of
the regions El1 to E7 of the bird's-eye image 61, where the
obstacle exists, or an outer frame of a single camera image
02, where the obstacle exists, may perform blink display (a
frame lline performs blink display). With this blink

display, the operator can easily recognize existence of the
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obstacle itself. Note that the blink display may be

emphasis display, in place of the blink display. For

pr—u

example, the thickness of the frame or the color of the

frame may be changed. The above-described obstacle

information may be the point Al illustrated in FIG. 4, or

may have any configuration as long as the configuration

emphasizes existence of the obstacle and notifies the

it

operator of the existence, such as sounding of the buz:zer

or the blink display.

(00311} The display control unit 53 performs control of
displaying the bird’s-eye 1mage output from the i1image
composition unit 55, as the bird’s-eye image bl, and the
camera lmage selected from the images 1maged by the cameras
Cl to C7, as the single camera image 62, on the surrounding

monitoring monitor 15. Further, operation signals from the

operation levers 11l and 12, and the travel levers 13 and 14

are input to the display control unit 53 to perform display

control to the surrounding monitoring monitor 15.
[0032] The monitor controller 43 is connected with the
monitor 16. The monitor controller 43 performs

input/output control of various types of information such

as information transmitted from various sensors through the
CAN 41, and information i1nput through the monitor 16. The
monitor 16 can display, as described above, the engine

water temperature, the oil temperature, the residual amount

of fuel, the warning information that indicates abnormality

of a device, and the like.

[10033] The pump controller 45 recelives signals

transmitted from the engine controller 44, the monitor
controller 43, the operation levers 11 and 12, the travel
levers 13 and 14, and the like, and generates a control

command for adjusting a discharge amount of the working oil

from the hydraulic pump (not 1llustrated).
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[0034] A control valve 80 controls an opening of a main

valve that connects between the hydraulic pump, and the

boom cylinder 4d, the arm cylinder 4e, the bucket cylinder
4f, a swing hydraulic motor 73, and hydraulic travel motors
71 and 72 1n response to the operations of the operation
levers 11 and 12, thereby to drive the boom cylinder 4d,
the arm cylinder 4e, the bucket cylinder 4f, and the swing
hydraulic motor 73. Further, the control valve 80 drives
the hydraulic travel motors 71 and 72 1n response to the
operations of the travel levers 13 and 14. Note that

operations amounts of the operation levers 11 and 12, and

the travel levers 13 and 14 are detected by operation
amount detection units 70, and are output to the pump
controller 45 as electrical signals.
[0035] [Confligurations and Arrangement of Cameras]

Next, configurations and arrangement of the cameras Cl
to C7 will be described with reference to FIGS. 5 and 6.

FIG. 5 1llustrates a side view of the hydraulic excavator,

and FIG. 6 1llustrates a plan view of the simplified

hydraulic excavator upper swing body. Although the crawler

belts are supposed to be displayed in right and left end

regions of the upper swing body in FIG. 6, the right and

left crawler belts are not displayed and only the upper
swing body 1s displayed for convenience. All of the
cameras Cl to C/ may be attached to the upper swing body 3.
For example, each of the cameras Cl to C7 has visual field

ranges of 120 degrees (60 degrees each to the right and

left) in a right and left direction, and 96 degrees in a

height direction. As the cameras, a charge-coupled device

(CCD) camera can be used.

100361 As 1llustrated 1in FIGS. 5 and 6, to be specific,

the camera Cl 1s provided on a front surface of the cab

D

base 5 that 1s a lower portion of the driver's cab 6 of the
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upper swing body 3, and i1mages the front of the upper swing

body 3. The camera C2 is provided on a right-side front

F

lower part of the upper swing body 3, and images the right

front of the upper swing body 3. The camera C3 is provided

g

on a right-side side-surface lower part of the upper swing

body 3, and images the right rear of the upper swing body 3.

The camera C4 1s provided on a rear lower part center of

the counter welght 8 arranged in the rear end part of the

upper swing body 3, and i1mages the rear of the upper swing

body 3. The camera Cb 1s provided on a left-side side-

surface lower part of the upper swing body 3, and images

the left rear of the upper swing body 3. The camera C6 is

provided on an upper left-side surface of the cab base 5,
and 1mages the left front of the upper swing body 3. The

camera C7 1s provided on a lower part of the power

container 7, and images a lower region of the power
container 7 and the counter weight 8. Since imaging ranges

of the adjacent cameras Cl to C7 overlap with one another,

—

360-degree surroundings of a close position of the

hydraulic excavator can be imaged.

[0037] [Conflgurations and arrangement of Radars]
Next, configurations and arrangement of the radars Rl

to RB8 will be described with reference to FIGS. 7 and 8.

All of the radars Rl to R8 may be provided on the upper

swing body 3. The radars R1 to R8 detect a relative

position and direction of an obstacle existing in the

~

surroundings of

the hydraulic excavator 1, and the

hydraulic excavator 1. For example, the radars R1 to RSB

are attached to peripheral parts of the hydraulic excavator

1, as 1llustrated in FIGS. 7 and 8. Further, the radars Rl

to R8 are ultra wide band (UWB) radars with detection
angles of 80 degrees (+40 degrees) in an orientation

(horizontal) direction and 16 degrees (18 degrees) in the



10

15

20

25

30

CA 02959480 2017-02-27

16

up and down (vertical) directilion, and a maximum detectlon

distance of 15 m or more.

[0038] As i1llustrated in FIGS. 7 and 8, to be specific,

the radar R1 is provided on a front lower left end of the

upper swing body 3, and detects an obstacle in the left

front of the upper swing body 3. The radar RZ2 1is provided

on a front lower right end of the upper swing body 3, and

detects an obstacle in the right front of the upper swing

o

body 3. Further, installation directions of the radars RI1

and R2 are adjusted not to detect the work device 4 such as

—

the bucket 4c, and detection regions of the radars Rl and

R2 do not overlap with each other. The radar R3 1is

y—

provided on a right-side lower part of the upper swing body

=

3, and detects an obstacle 1n the right rear of the upper

swing body 3. The radar R4 is provided at a right-side

side lower part of the upper swing body 3, and detects an

obstacle in the right front of the upper swing body 3.
Here, the radar R3 1s adjacent to the radar R4, and is
arranged i1n front relative to the position of the radar R4.

Then, the radars R3 and R4 detect obstacles 1in the entire

right-side surface of the upper swing body 3 by irradiating
the entire right-side surface with radar signals to

intersect with each other. Further, the radar R5 is

fr—

provided on a lower part of the counter weight 8 of the

upper swing body 3, and detects an obstacle in the left

rear of the upper swing body 3. The radar R6 is provided
on a lower part of the counter weight 8, and detects an
obstacle 1n the right rear of the upper swing body 3. Here,
the radar RS 1s adjacent to the radar R6, and is arranged

on the right side relative to the position of the radar R6.

Then, the radars R5 and Ro detect obstacles in the entire

gt

rear surface in the rear of the upper swing body 3 by

irradiating the entire rear surface with radar signals to



10

15

20

25

30

CA 2959480 2017-05-10

17/

intersect with each other. Further, the radar R8 is

provided on a left-side lower part of the upper swing body

p—

3, and detects an obstacle in the left front of the upper

swing body 3. The radar R7 is provided on a left-side side

lower part of the upper swing body 3, and detects an

J—

obstacle 1In the left rear of the upper swing body 3. Here,

the radar R8 1s adjacent to the radar R7, and 1is arranged

o

in the rear relative to the position of the radar R7. Then,

the radars R8 and R7 detect obstacles in the entire left-

side surface of the upper swing body 3 by irradiating the
entire left-side surface with radar signals to intersect

with each other.

[0039] [Manual Image Switching Processing of Surrounding
Monitoring Monitor]

The surrounding monitoring monitor 15 illustrated in

part (a) of FIG. 9 1s an example of an initial screen

displayed when a key 1is turned ON. In part (a) of FIG. 9,

N

the bird's-eye image 61 is displayed in an upper region of
a display part of the surrounding monitoring monitor 15,
and the single camera image 62 is displayed in a lower
region. The region of the bird's-eye image 61 is set to be

smaller than the region of the single camera image 62.

Further, an 1con Il is displayed in a lower right part in
the surrounding monitoring monitor 15. The displayed single

camera 1lmage 62 1s a rear 1image of the upper swing body 3

1maged by the camera 04. The icon Il indicates which of the
cameras Cl to C/ has 1maged the single camera image 62

displayed on the surrounding monitoring monitor 15. The

single camera image 62 illustrated in part (a) of FIG. 9 is

a rear 1mage, and thus a lower-side region of the icon Il

_

corresponding to a rear position of the upper swing body 3

1s filled. Note that a dump truck TR exists in the rear of

the upper swing body 3 in the bird's-eye image 61 and the

single camera image 62 illustrated in part (a) of FIG. 9.
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It can be seen that the dump truck TR is stopped facing

outside at a 180-degree position from the front where the
work device 4 1s arranged, in part (a) of FIG. 9. Note that

the surrcunding monitoring monitor 15 is configured as a

touch panel.

[0040] A plan view 0f the hydraulic excavator 1is
displayed in a central position of the bird's-eye image 61
to cause the operator to easily distingulsh the

position/direction relationship between the bird's-eye

image 61 and the hydraulic excavator. A partial region of

the hydraulic excavator is a region Ell (instruction unit

00) . When the region Ell is touched by the operator in the

state of the screen of the surrounding monitoring monitor

15 of part (a) of FIG. 9, the display control unit 53
enlarges and displays the bird's—eye 1mage 61, and reduces
and displays the single camera image 62, as 1llustrated in
part (b) of FIG. 9. Further, when the region Ell in the
enlarged bird's-eye image 61 of part (b) of FIG. 9 is
touched, the display control unit 53 reduces and displays
the bird's-eye image 61, and enlarges and displays the
single camera image 62, as illustrated in part (a) of FIG.

2. That 1s, the operator can manually switch the entire

image of the surrounding monitoring monitor 15 of part (a)

and part (b) of FIG. 9, using the region Ell as a switch.
[0041] Similarly, a region of the single camera image 62
1s defined as a region E10 (instruction unit 56). When the
region E10 1s touched by the operator in the state of the

— —

screen of the surrounding monitoring monitor 15 of part (a)

of FIG. 9, the display control unit 53 reduces and displays
the single camera image 62, and enlarges and displays the
pird's-eye image 61, as illustrated in part (b) of FIG. 0.

i

Further, when the region E10 of the reduced single camera

1mage 62 of part (b) of FIG. 9 is touched, the display

control unit 53 enlarges and displays the single camera
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image 62, and reduces and displays the bird's-eye image 61,

as lllustrated in part (a) of FIG. 9. The bird's-eye image

6l in part (b) of FIG. 9 is enlarged in the display region
1n the surrounding monitoring menitor 15, compared with the

bird's-eye image 61 in part (a) of FIG. 9. Further, in the

bird's-eye image 61 in part (b) of FIG. 9, the plan view of
the hydraulic excavator displayed in the central portion of
the bird's-eye image 61 and the dump truck TR stopped in
the rear of the hydraulic excavator are enlarged and

displayed, compared with those in the bird's-eye image 61

in part (a) of FIG. 9. That is, an cbject existing in the
surroundings of the hydraulic excavator and displayed on
the bird's-eye image 61 is enlarged and displaved.

[0042] In the present embodiment, the regions of the

pird's-eye image 61 and the single camera image 62 are used

as the regions E10 and El1. However, FIGS. 9(a) and 9 (b)

may be manually switched by touching a separately provided
icon or by switching a physical switch. Note that the
physical switch may be provided on the surrounding
monitoring monitor, a console, the operation lever, or the
like.

[0043] Note that the size and the content of the bird's-
eye 1mage 61 and the single camera image 62 can be
automatically switched by automatic image switching

processing of the surrounding monitoring monitor described

below under a predetermined condition.

u

[0044] [Automatic Image Switching Processing of

Surrounding Monitoring Monitor]

FIG. 10 1s a flowchart illustrating an automatic image
switching processing procedure of the surrounding
monitoring monitor 15 by the surrounding monitoring
controller 40. The initial screen of the surrounding

p—

monitoring monitor 15 in FIG. 10 is the screen of

part (a)

—

of FIG. 9, which 1s the screen at the time when the key is



10

15

20

25

30

CA 2959480 2017-05-10

2.0

turned ON. The display control unit 53 is configured to

have 1nputs of the operation signals from the travel levers
13 and 14, and 5 thus the display control unit 53
determines whether a travel operation by the travel levers
13 and 14 has been performed on the basis of the input
signals (step S101). When the travel operation has been
performed (Yes 1n step S101), the obstacle processing unit
02 further determines 10 whether detecting the obstacle
(step S102). When the obstacle has been detected (Yes in
step S102), the single camera image 62 on the screen of the
surrounding monitoring monitor 15 is switched to the single
camera 1lmage 62 including the obstacle in the imaging range
(step S103), 15 and the processing returns to step S101.
[0045] Meanwhille, when the obstacle is not detected (No
in step S102), the bird's-eye image 61 is enlarged (step
S104). Note that, in this case, the single camera image 62
1s reduced with the enlargement of the bird's-eye image 61.
20 Note that, in the present embodiment, the bird's-eye
image ol has been described in the small state as the
1nitial screen. However, in a case where the bird's-eye
1mage 61 1s maximum as the initial screen, the display

state 1s maintained as it is.

[00406] By enlarging the bird's-eye i1mage 61 in response
to the operation of the travel lever in this way, the
operator can easily recognize the obstacle in the

g—

surroundings at the time of traveling of the hydraulic

excavator.

(0047 ] After that, whether the travel and swing
éperation Py the travel levers 13 and 14 is right, left, or
none 1s determined (step S105). The travel and swing

operation 1s an operation to cause the entire hydraulic
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excavator 1 to swing without causing the upper swing body 3
to swing by advancing or reversing only one c¢f the right

crawler belt and the left crawler belt. When the travel

and swling operation is right (that is, only the left
crawler belt 1s advanced, or only the right crawler belt is

reversed) (right in step S105), the single camera image 62

1s switched to the left rear image by the camera C5 (step
S106), and the processing returns to step S101. This is

because the rear part (the power container 7, the counter

welght 8, and the like) of the upper swing bedy 3 swings in
the left direction at the time of the right swing, and thus
the operator 1s made able to easily recognize the left rear
condition of the upper swing body 3. Further, when the
travel and swing operaticn is left (that is, only the

crawler belt is advanced, or only the left crawler belt is

reversed) (left in step S105), the single camera image 62

1s switched to the right rear image by the camera C3 (step
S107), and the processing returns to step S101. Further,
when no travel and swing operation is made (that is, both

the right crawler belt and the left crawler belt are

advanced or reversed) (none in step S105), the single

camera image 62 1s left as the rear image, and the
processing returns to step S101.

[0048] Meanwhile, when the travel operation is not
performed (No‘in step S101), the display control unit 53 is
configured to have the inputs of the operation signals from
the operation levers 11 and 12, and thus the display

control unit 53 determines whether the swing operation of
the upper swing body 3 by the operation levers 11 and 12 is
performed on the basis of the input signal (step S108).
When the swing operation has been performed (Yes in step
S108), whether the obstacle processing unit 52 has detected
the obstacle is further determined (step S108). When the
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obstacle has been detected (Yes in step S5109), the single
camera i1mage 62 on the screen of the surrounding monitoring
monitor 15 1s switched to the single camera image 62
including the obstacle in the imaging range (step S110),
and the processing returns to step S101.

004 9] When the obstacle 1s not detected (No in step
5S108), the bird's-eye image 61 is enlarged (step S111).
Note that, in this case, the single camera image 62 is
reduced with the enlargement of the bird's-eye image 61. In
a case where the bird's-eye image 61 is maximum as the
initial screen, the display state is maintained as it 1is.
[0050] After that, whether the swing operation is the
right swing operation is determined (step 8112). When the
swing operation is the right swing operation (Yes in step
S112), the single camera image 62 is switched to the left
rear 1lmage by the camera C5 (step S113), and the processing
returns to step S101. Meanwhile, when the swing operation
1s not the right swing operation (No in step S112), that
1s, the swing operation of the left swing operation, the
single camera image 62 is switched to the right rear image
by the camera C3 (step S114), and the processing returns to

step S101. Meanwhile, when the swing operation of the upper

swing body is not performed (No in step S108), the single

camera 1mage 62 1s left as the rear image, and the
processing returns to step S101. Note that, in the present

embodiment, the single camera image 62 is switched to the

left rear image in the case of the right swing operation,

p—

and 1s switched to the right rear image in the case of the

left swing operation. However, the position of the single
camera 1mage to switch at the time of the swing operation

may be appropriately set. For example, the display may be

switched to the right front image or the right rear image

at the time of the right swing operation, and to the left



10

15

20

25

30

CA 02959480 2017-02-27

23

front 1mage or the left rear image at the time of the left

swing operation so that the operator can know in advance a

P

collision of the work device with the obstacle at the time

of swing. Further, the description has been given using

the flowchart of FIG. 10 to which the branches such as

whether the travel operation has been performed (step S101),
whether there is an obstacle (step S102), whether the
travel and swing operation is right, left, or none (step
S105), whether the swing operation of the upper swing body
has been performed (step S108), and whether the swing
operation is the right swing operation (step S112) are

incorporated. However, the respective branches may be

performed in single flowcharts, or these branches may be
approprlately combined.

[0051] In the automatic image switching processing of

the surrounding monitoring monitor 15 in the present
embodiment, the bird’s-eye image 61 is enlarged when the

operation to move the hydraulic excavator 1 is performed

using the operation levers 11 and 12 and the travel levers

13 and 14. Therefore, the bird’s-eye image 61 by which the

entlire periphery can be monitored becomes an appropriate
size at the time of start of the operation of the hydraulic
excavator 1, and a manual operation by the operator can be
reduced. Further, the control tc switch the single camera

lmage to the appropriate camera image is performed in

response to the operation of the hydraulic excavator 1.

Therefore, the manual operation by the operator can be

reduced.

[0052] Although the display screen of the surrounding

monltoring monitor 15 is maintained even when a locking

lever (a lever that blocks flow channels of hydraulic

circults of all of the work device, swing, and travel) is

operated or at the time of parking when swing lock is set,
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the sounding by the buzzer 17 or the display on the

surrounding monitoring monitor 15 may not be performed even

when the obstacle 1s detected by the radars R1 to R8. This

1s because the operator is annoyed if the buzzer 17 is

sounded or the obstacle information is displayed on the

surrounding monitoring monitor when a person or a vehicle
exlsts in the surroundings of the hydraulic excavator at
the time of parking.

10053] Further, the above embodiment has been described
on the assumption that both the bird’s-eye image 61 and the
single camera image 62 are displayed. However, an
empbodiment 1s not limited to the embodiment, and may be an
embodiment in which only the bird’s-eye image 61 or only
the single camera image 62 is displayed on the surrounding
monitoring monitor 15. For example, in a case where only
the single camera image 62 is displayed, the bird’s-eye

enlarging processing by steps S104 and S111 includes

processing of displaying the bird’s-eye image 61 from a
state where no bird’s-eye image 61 is displayed. In that
case, both the bilrd’'s-eye image 61 and the single camera

lmage 62 may be displayed, or only the bird’s-eye image 61

may be displayed. In a case where both the bird’s-eye
image 61 and the single camera image 62 are displayed, the

bird’s-eye image 61 may be larger or smaller than the

single camera image 62. Note that the bird’s-eye image 61

may Just be enlarged from the current bird’s-eye image 61,

and does not necessarily become the maximum display region.
(00547 Further, the mechanical gauge display, the menu
display, the breakdown information display, and the like
may be displayed on the surrounding monitoring monitor 15
in the above-described embodiment. To be specific, the

mechanical gauge display, the menu display, and the

breakdown information display may be displayed in place of
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the bird’s-eye image 61 or the single camera image 62, or

these pieces ¢of information may be displayed in addition to

the bird’s-eye 1mage 61 and the single camera image 62 (a

single pliece ¢f the information may be displayed or a

plurality of display items such as the mechanical gauge

=

display and the breakdown information display may be

displayed at the same time). Then, the enlarging
processing of the bird’s-eye image 61 in the above-

described embodiment may be applied.

[0055] For example, the bird’s-eye image is displayed
when the operation levers 11 and 12 and the travel levers
13 and 14 are operated, in a case where any of the
mechanical gauge display, the menu display, and the
breakdown 1nformation display is displayed on the
surrounding monitoring monitor 15. Therefore, the operator
can reliably confirm the surrounding condition no matter
what the screen may be displayed before the operation of
the levers. Further, for example, the bird’ s-eye image is
enlarged and displayed when the operation lever or the like
is operated, in a case where the single camera image, the
mechanical gauge display, the menu display, and/or the
breakdown information display is displayed in addition to

the blrd’s-eye image. Therefore, the operator can confirm

the surrounding condition in more detail. The above-

described two examples exhibit similar effect in the case

of the manual switching processing.

[0056] In the case of the automatic switching processing,
the bird’s-eye image 61 may be made larger or smaller than
the single camera image, the mechanical gauge display, the
menu display, and the breakdown information display by the
bird's image enlarging processing by steps S104 and S111.
100571 Note that the communication controller 42, the

monitor controller 43, the engine controller 44, and the
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oller 45 are connected with wvarious sensors, and

whether abnormality has occurred in components in the

hydraulic
detection
1n any of
hydraulic

—

content of

abnormalit
excavator,
displayed
operated.
[0058]

the travel
described.
made when
obstacle e
excavator,
condition
1 0059]
described
operation,
operation.
work machi
varlious op

ol

change of

motors) wi
detected,
[0000]

the above-

improvemen

excavator 1s determined on the basis of sensor
results. Then, when the abnormality has occurred
the components, continuous driving of the

excavator may not be favorable depending on the

the abnormality. Therefore, when some sort of
y has been determined to occur in the hydraulic

the bird's-eye image may not be enlarged and

even 1f the operation lever or the like is

In addition, 1n the above embodiment, the case of
operation and the swing operation has been
However, similar enlarging processing may be

the work machine 1s operated. In a case where the

Xx1sts 1in the surroundings of the hydraulic

the operator needs to recognize the surrounding

of the hydraulic excavator.

Therefore, "an operation of the work machine"
in claims include at least any of the travel

the swing operation, and the work device

R

Further, as means to detect the operation of the
ne, not only the operation detection of the

eration levers, but also hydraulic pressure

actuators (the cylinders and the hydraulic

th the operation of the operation levers may be

for example.

Note that the present invention 1is not limited to

described embodiments, and modifications and

F

ts within the scope in which the object of the

present 1nvention can be achieved are included in the

present in

[0061]

vention.

In the above-described embodiment, the screen of
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part (a) of FIG. Y has been described as the initial screen

of the surrounding monitoring monitor 15. However, the

screen of part (b) of FIG. 9 may be set to the initial
screen. Further, the surrounding monitoring monitor 15 has
been provided separately from the monitor 16. However, the

present 1nvention 1s not limited to the embodiment, and the

bird's- eye image 61 and the single camera image 62 may be
displayed on the monitor 16. Further, the surrounding
monitoring monitor 15 has been configured as a touch panel
display. However, a regular display without including a
buillt-in touch sensor may be used.

[00062] The above-described embodiment has been
configured to display the bird's-eye image 61 and the
single camera image 62 on the surrounding monitoring
monltor 15 at the same time. However, the present invention
1s not limited to the embodiment, and only a bird's-eye
image or only a single camera image may be displayed on the
surrounding monitoring monitor 15.

[0063] Further, the above-described embodiment has been

configured to display only the image imaged by any of the

o

cameras Cl to C7 1n the region of a touch panel display 60

where the images imaged by the cameras Cl to C7 are
displayed. However, two or more images may be able to be

displayed at the same time. Further, in the above-
described embodiment, the seven cameras have been provided

on the surroundings of the upper swing body 3. However, the

surrounding monitoring device may be configured from a less

.

numper of cameras than the seven cameras, or may be

configured from a larger number of cameras than the seven
cameras.

(0064 ] Further, 1n the above-described embodiment, the
radars and cameras have been configured in cooperation with

each other. However, the present invention is not limited
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to the embodiment, and the surrounding monitoring device

may be configured from a single camera.

r0065] Further, the embodiment has been described on the

basis of the mining hydraulic excavator used 1n a mine or

the 1llke. However, the present invention may be applied to

a hydraulic excavator used in a construction site.

[0066] The above-described embodiment has been described
using the hydraulic excavator. However, the present
invention may be applied to a work machine such as a dump
truck (including a steering and acceleration as the
operation levers), a bulldezer, or wheel loader (including

a steering and acceleration as the operation levers) as

long as it is a work machine.

(0067 ] Further, the above embodiment has been described
using the configuration in which the surrounding monitoring
monitor 15 and the buzzer 17 are provided in the driver's
cab 6 of the work machine. However, the surrounding

monitoring monitor 15 and the buzzer 17 may be provided in

another place, for example, a remote operation seat 300

illustrated 1n FIG. 11, for performing remote operation of
the work machine, or a control room in a mine, which
totally manages/controls a plurality of work machines.
Further, a remote operation monitor 301 i1llustrated in FIG.

11 may be used as the surrounding monitoring monitor.

Further, as illustrated in FIG. 12, the surrounding

monitoring monitor 15 and the buzzer 17 may be provided to

a portable terminal 302, and an operator may view a bird’ s-
eye lmage displayed on the portable terminal 302. Here, in
a case where the bird’'s-eye image 1s displayed on the
surrounding monitoring monitor 15 in the remcote operation
seat 300 or the control room, or in a case where the
portable terminal 302 is used as the surrounding monitoring

monitor 15 and the buzzer 17, communication means of some

=
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sort may be provided to each of the work machine and the

remote operation seat 300/the control room/the portable

terminal 302, and transmission/reception of information
such as the bird/s-eye image may be performed.
Reference Signs List
(0068 ] 1 HYDRAULIC EXCAVATOR

2 LOWER TRAVELING RODY

3 UPPER SWING BODY

4a BOOM
4 ARM
4c BUCKET

4d BOOM CYLINDER
4e ARM CYLINDER

4f BUCKET CYLINDER
WORK DEVICE
CAB BASE
DRIVER'S CAB
POWER CONTAINER
COUNTER WEIGHT

oo O 4 Y O W

UP-AND-DOWN LADDER

10 OPERATOR SEAT

11 and 12 OPERATION LEVER
13 and 14 TRAVEL LEVER

15 SURROUNDING MONITORING MONITOR
16 MONITOR

17 BUZZER

40 SURROUNDING MONITORING CONTROLLER
42 COMMUNICATION CONTROLLER

43 MONITOR CONTROLLER

44 ENGINE CONTROLLER

45 PUMP CONTROLLER

51 IMAGE PROCESSING UNIT

52 OBSTACLE PROCESSING UNIT
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61
02
63
70
71
73
80

300

DISPLAY

BIRD" S-!
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CONTROL UNIT

Yk IMAGE GENERATION UNI

IMAGE COMPOSITION UNIT

INSTRUCTION UNIT

BIRD’ S-EYE IMAGE

SINGLE CAMERA IMAG:

REGION

d

OPERATION AMOUNT DETECTION UNIT

and 72

HYDRAULIC TRAVEL MOTOR

SWING HYDRAULIC MOTOR

CONTROL
REMOTE

VALVE

OPERATION SEAT

301 REMOTE OPERATION MONITOR
PORTABLE TERMINAL
CAMERA GROUP

302

C

Cl
CT
El

to C7
SWING C.

to E7, E10, and E11

CAM

L+l

RA

SNTER

REGION

GL GROUND SURFACE LEVEL

T1
P,

LCON

and Pl to P7

Pll to P17
R RADAR GROUP

R1

to RSB

IMAGE
CONVERTED IMAGE

RADAR

TR DUMP TRUCK
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CLAIMS

1. A surrounding monitoring device of a work machine, the
surrounding monitoring device comprising:

a display unit;

a plurality of cameras configured to acquire a
surrounding condition of the work machine;

an image processing unit configured to generate a

bird's-eye image that indicates the surrounding condition of
the work machine on the basis of images imaged by the

plurality of cameras;

a work machine operation detection unit configured to
detect an operation of the work machine; and

a display control unit configured to display, on the
display unit, a single camera image imaged by one or more of
the plurality of cameras, the bird's-eye 1mage, a mechanical
gauge display, a menu display, and/or a breakdown
information display, wherein,

when the operation of the work machine 1s detected, the
display control unit performs control of enlargling an
obstacle displayed around the work machine on the bird's-eye
image, compared with the obstacle displayed around the work

machine on the bird's-eye image before the operation of the

work machine 1is detected.

2 . The surrounding monitoring device of a work machine

according to claim 1, wherein

the work machine operation detection unit detects an

operation of an operation lever and/or a travel lever.

3. The surrounding monitoring device of a work machine

according to claim 1, further comprising:

CA 2859480 2018-08-22
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a plurality of radars that detect an obstacle 1in the
surroundings of the work machine, whereiln

the display control unit detects the obstacle on the

P

basis of information acquired by the plurality of radars,

and displays obstacle information on the display unit when

the obstacle exists.

4, The surrounding monitoring device of a work machine

according to claim 1, further comprising:

an abnormality determination unit configured to
determine that an abnormality has occurred 1n the work
machine, wherein

the display control unit refrains from enlarging the
bird's-eye image on the display unit when the operation of
the work machine is detected, when the abnormality

y—

determination unit determines that some sort of abnormality

has occurred 1n the work machine.

5. A surrounding monitoring device of a work machine, the
surrounding monitoring device comprising:

a display unit;

a plurality of cameras configured to acquire a
surrounding condition of the work machine;

an image processing unit configured to generate a
bird's—-eye image that indicates the surrounding condition of
the work machine on the basis of i1mages 1maged by the
plurality of cameras;

a display control unit configured to display, on the
display unit, a single camera 1mage 1maged by one or more of
the plurality of cameras, a mechanical gauge display, a menu
display, and/or a breakdown information display, 1n addition

to the bird's-eye 1mage; and
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an instruction unit configured to 1nstruct enlargement
of an obstacle displayed around the work machine on the
bird's-eye 1mage, whereiln

the display control unit performs processing of
enlarging the obstacle displayed around the work machine on
the bird's-eye image in response to an operation with the

instruction unit.

0. The surrounding monitoring device of a work machine
according to claim 1, whereiln
the display unit is provided to a remote operation

seat, a control room, or a portable terminal.

7. A surrounding monitoring device of a work machine, the
surrounding monitoring device comprising:

a display unit;

a plurality of cameras configured to acguire a
surrounding ccndition of the work machine;

an lmage processling unit configured to generate a

bird's-eye 1mage on the basilis of 1mages 1maged by the

plurality of cameras;
a work machine operation detection unit configured to
detect an operation of the work machine; and

a display control unit configured to display, on the

display unit, a single camera image imaged by one or more of
the plurality of cameras, the bird's-eye 1image, a mechanical
gauge display, a menu display, and/or a breakdown
information display, wherein,

when a swing operation of the work machine 1s detected,
the display control unit performs control of enlarging an
obstacle displayed 1n a display region of the bird's-eye

1mage on the display unit, compared with the obstacle
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displayved in the display region of the bird's-eye 1mage

before the swing operation of the work machine 1s detected.

3 . A method of monitoring surroundings of a work machine,
the method comprising:

acquiring a surrounding condition by a plurality of

cameras provided in surroundings of a work machine;
generating a bird's-eye image that 1ndicates the
surrounding condition of the work machine on the basis of
images imaged by the plurality of cameras;
detecting an operation of the work machine;
displaying, on a display unit, a single camera 1mage
imaged by one or more of the plurality of cameras, the
bird's-eye image, a mechanical gauge dilisplay, a menu
display, and/or a breakdown information display; and
performing, when detecting the operation of the work
machine, control of enlarging an obstacle displayed around
the work machine on the bird's-eye image, compared with the
obstacle displayed around the work machine on the bird's-eye

image before detecting the operation of the work machine.
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