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(54) GUIDE DISPLAY DEVICE AND CRANE EQUIPPED WITH SAME

(57) The present invention provides a guide display
device capable of recognizing a feature in a work area
while distinguishing whether the feature is a moving body
or not. In a guide display device of a crane, 3D maps are
created for continuous frames; an altitude value for each
grid in a 3D map that is created at time closest to the
current time is obtained as a first altitude value; altitude
values for respective corresponding grids in a predeter-

mined number of 3D maps other than the 3D map that
is created at time closest to the current time are obtained,
and the average of the altitude values is calculated as a
second altitude value; and it is determined that the feature
is a moving body when the difference between the first
altitude value and the second altitude value exceeds a
predetermined threshold.
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Description

Technical Field

[0001] The present invention relates to a guide display
device and a crane including the same.

Background Art

[0002] In the related art, a guide display device that
can present information related to positions and altitudes
of a lifting cargo and a ground object around the lifting
cargo to the operator is publicly known. Such a guide
display device is disclosed in PTL 1.
[0003] The guide display device disclosed in PTL 1 in-
cludes a data processing section that calculates a rep-
resentative point for each grid cell by using point group
data acquired by a laser scanner and creates a three-
dimensional map based on the representative point. The
data processing section generates a guide information
such as a guide frame diagram surrounding the lifting
cargo and the ground object, and displays the guide in-
formation in a superimposed manner on the image cap-
tured by the camera on a data display section. With such
a guide display device, the information related to posi-
tions and altitudes of the lifting cargo and the ground
object around the lifting cargo can be presented to the
operator.

Citation List

Patent Literature

[0004] PTL 1
Japanese Patent Application Laid-Open No. 2019-24151

Summary of Invention

Technical Problem

[0005] However, the guide display device disclosed in
PTL 1 can recognize the ground object in the work area,
but it cannot recognize whether that ground object is a
moving object in a discriminative manner. Specifically,
as illustrated in FIG. 18, it can recognize the ground ob-
ject in the work area, but it cannot recognize whether that
the ground object is a moving object such as a worker
and a working vehicle in a discriminative manner.
[0006] To solve the above-described problems, an ob-
ject of the present invention is to provide a guide display
device that can recognize whether the ground object in
the work area is a moving object in a discriminative man-
ner. In addition, another object is to provide a crane in-
cluding such a guide display device.

Solution to Problem

[0007] The problems to be solved by the present in-

vention are as described above, and a solution to the
problems is described below.
[0008] The first invention is a guide display device of
a crane, including: a data processing section configured
to calculate a representative point for each grid cell by
using point group data acquired with a laser scanner by
scanning a lifting cargo, a ground surface and a ground
object from above the lifting cargo and create a three-
dimensional map based on the representative point. The
data processing section creates the three-dimensional
map in a unit of successive frames. The data processing
section acquires an altitude value of each grid cell as a
first altitude value for the three-dimensional map created
at a time closest to a current time. The data processing
section acquires an altitude value of each grid cell for a
predetermined number of other three-dimensional maps
excluding the three-dimensional map created at the time
closest to the current time, and calculates an average of
the altitude value as a second altitude value. The data
processing section determines that the ground object is
a moving object when a difference between the first alti-
tude value and the second altitude value exceeds a pre-
determined threshold value.
[0009] The second invention is a guide display device
of a crane, including: a data processing section config-
ured to calculate a representative point for each grid cell
by using point group data acquired with a laser scanner
by scanning a lifting cargo, a ground surface and a ground
object from above the lifting cargo and create a three-
dimensional map based on the representative point. The
data processing section creates the three-dimensional
map in a unit of successive frames. The data processing
section acquires an altitude value of each grid cell for a
predetermined number of the three-dimensional maps
including the three-dimensional map created at a time
closest to a current time, and calculates an average of
the altitude value as a first average value. The data
processing section acquires an altitude value of each grid
cell for a predetermined number of other three-dimen-
sional maps excluding the three-dimensional map creat-
ed at the time closest to the current time, and calculates
an average of the altitude value as a second average
value. The data processing section determines that the
ground object is a moving object when a difference be-
tween the first average value and the second average
value exceeds a predetermined threshold value.
[0010] The third invention is a guide display device of
a crane, including: a data processing section configured
to calculate a representative point for each grid cell by
using point group data acquired with a laser scanner by
scanning a lifting cargo, a ground surface and a ground
object from above the lifting cargo and create a three-
dimensional map based on the representative point. The
data processing section creates the three-dimensional
map in a unit of successive frames. The data processing
section provides a label value representing the ground
surface or the ground object for each grid cell for each
three-dimensional map. The data processing section ac-
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quires the label value of each grid cell as a first label
value for the three-dimensional map created at a time
closest to a current time. The data processing section
acquires the label value of each grid cell for a predeter-
mined number of other three-dimensional maps exclud-
ing the three-dimensional map created at the time closest
to the current time, and calculates an average of the label
value as a second label value. The data processing sec-
tion determines that the ground object is a moving object
when a difference between the first label value and the
second label value exceeds a predetermined threshold
value.
[0011] The fourth invention is a guide display device
of a crane, including: a data processing section config-
ured to calculate a representative point for each grid cell
by using point group data acquired with a laser scanner
by scanning a lifting cargo, a ground surface and a ground
object from above the lifting cargo and create a three-
dimensional map based on the representative point. The
data processing section creates the three-dimensional
map in a unit of successive frames. The data processing
section specifies the ground object for each three-dimen-
sional map. The data processing section acquires, as a
first ground object position, a position of the ground object
in the three-dimensional map created at a time closest
to a current time. The data processing section acquires,
as a second ground object position, the position of the
ground object in another three-dimensional map exclud-
ing the three-dimensional map created at a time closest
to a current time. The data processing section determines
that the ground object is a moving object when a differ-
ence between the first ground object position and the
second ground object position exceeds a predetermined
threshold value.
[0012] The fifth invention is a crane comprising the
above-described guide display device.

Advantageous Effects of Invention

[0013] Effects of the present invention are as described
below.
[0014] The guide display device according to the first
invention creates a three-dimensional map in a unit of
successive frames. In addition, it acquires an altitude val-
ue of each grid cell as a first altitude value for the three-
dimensional map created at a time closest to a current
time, acquires an altitude value of each grid cell for a
predetermined number of other three-dimensional maps
excluding the three-dimensional map created at the time
closest to the current time, calculates an average of the
altitude value as a second altitude value, and determines
that the ground object is a moving object when a differ-
ence between the first altitude value and the second al-
titude value exceeds a predetermined threshold value.
With this guide display device, whether the ground object
in the work area is a moving object can be recognized in
a discriminative manner.
[0015] The guide display device according to the sec-

ond invention creates a three-dimensional map in a unit
of successive frames. In addition, it acquires an altitude
value of each grid cell for a predetermined number of the
three-dimensional maps including the three-dimensional
map created at a time closest to a current time, and cal-
culates an average of the altitude value as a first average
value, acquires an altitude value of each grid cell for a
predetermined number of other three-dimensional maps
excluding the three-dimensional map created at the time
closest to the current time, calculates an average of the
altitude value as a second average value, and deter-
mines that the ground object is a moving object when a
difference between the first average value and the sec-
ond average value exceeds a predetermined threshold
value. With this guide display device, whether the ground
object in the work area is a moving object can be recog-
nized in a discriminative manner.
[0016] The guide display device according to the third
invention creates a three-dimensional map in a unit of
successive frames. In addition, it provides a label value
representing the ground surface or the ground object for
each grid cell for each three-dimensional map, acquires
the label value of each grid cell as a first label value for
the three-dimensional map created at a time closest to
a current time, acquires the label value of each grid cell
for a predetermined number of other three-dimensional
maps excluding the three-dimensional map created at
the time closest to the current time, calculates an average
of the label value as a second label value, and determines
that the ground object is a moving object when a differ-
ence between the first label value and the second label
value exceeds a predetermined threshold value. With this
guide display device, whether the ground object in the
work area is a moving object can be recognized in a dis-
criminative manner.
[0017] The guide display device according to the fourth
invention creates a three-dimensional map in a unit of
successive frames. In addition, it specifies the ground
object for each three-dimensional map, acquires, as a
first ground object position, a position of the ground object
in the three-dimensional map created at a time closest
to a current time, acquires, as a second ground object
position, the position of the ground object in another
three-dimensional map excluding the three-dimensional
map created at a time closest to a current time, and de-
termines that the ground object is a moving object when
a difference between the first ground object position and
the second ground object position exceeds a predeter-
mined threshold value. With this guide display device,
whether the ground object in the work area is a moving
object can be recognized in a discriminative manner.
[0018] The crane according to the fifth invention in-
cludes the guide display device according to the first to
fourth inventions. With such a crane, an effect similar to
the above-described effect can be achieved.
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Brief Description of Drawings

[0019]

FIG. 1 is a diagram illustrating a crane according to
an embodiment of the present invention;
FIG. 2 is a diagram illustrating a guide display device
according to an embodiment of the present inven-
tion;
FIG. 3 is a diagram illustrating scanning with a laser
scanner;
FIG. 4 is a flow chart illustrating a procedure of a
process of a data processing section;
FIG. 5 is a diagram illustrating an overview of a point
group data correction step;
FIG. 6 is a diagram illustrating an overview of a three-
dimensional map creation step;
FIG. 7 is a diagram illustrating an overview of a clus-
tering step;
FIG. 8 is a diagram illustrating an overview of a work
area visualization step;
FIG. 9 is a flow chart illustrating a procedure of a
same region estimation process according to a first
embodiment;
FIG. 10 is a diagram illustrating an overview of the
same region estimation process according to the first
embodiment;
FIG. 11 is a flow chart illustrating a procedure of a
same region estimation process according to a sec-
ond embodiment;
FIG. 12 is a diagram illustrating an overview of the
same region estimation process according to the
second embodiment;
FIG. 13 is a flow chart illustrating a procedure of a
same region estimation process according to a third
embodiment;
FIG. 14 is a diagram illustrating an overview of the
same region estimation process according to the
third embodiment;
FIG. 15 is a flow chart illustrating a procedure of a
same region estimation process according to a fourth
embodiment;
FIG. 16 is a diagram illustrating an overview of the
same region estimation process according to the
fourth embodiment;
FIG. 17 is a diagram illustrating guide information
generated through the same region estimation proc-
ess; and
FIG. 18 is a diagram illustrating a situation where
whether a ground object is a moving object cannot
be recognized in a discriminative manner.

Description of Embodiments

[0020] First, a crane according to an embodiment of
the present invention 1 is described.
[0021] As illustrated in FIG. 1, crane 1 is a mobile crane
that can move to an unspecified location.

Crane 1 includes travelling vehicle 2 and crane apparatus
6.
[0022] Travelling vehicle 2 transports crane apparatus
6. Travelling vehicle 2 includes a plurality of wheels 3,
and travels with engine 4 as the power source. Travelling
vehicle 2 is provided with outrigger 5. Outrigger 5 is com-
posed of a beam that extends in the width direction of
travelling vehicle 2 and a jack cylinder that is grounded
on ground surface F to support travelling vehicle 2.
[0023] Crane apparatus 6 transports lifting cargo W in
a lifted state. Crane apparatus 6 includes boom 7. Wire
rope 8 is provided across boom 7. Hook 9 is attached at
wire rope 8 that hangs from the end portion of boom 7.
In addition, winch 10 is disposed near the proximal end
side of boom 7. Note that crane apparatus 6 includes
cabin 11 on the lateral side of boom 7. Swinging operation
tool 19, expanding/retracting operation tool 20, luffing op-
eration tool 21, winding operation tool 22 and the like are
provided inside cabin 11 (see FIG. 2).
[0024] Boom 7 is swivelable by an actuator. In the sub-
ject application, this actuator is defined as swinging motor
12. Swinging motor 12 is appropriately operated by
swinging valve 23, which is an electromagnetic propor-
tional switching valve (see FIG. 2). Specifically, swinging
motor 12 appropriately operates when swinging valve 23
switches the flow rate and flow direction of the operation
oil. Note that swinging valve 23 operates based on an
instruction of control apparatus 18. The swinging angle
of boom 7 is detected by swinging sensor 27 (see FIG. 2).
[0025] In addition, boom 7 can be extended and re-
tracted by an actuator. In the subject application, this
actuator is defined as extending/retracting cylinder 13.
Extending/retracting cylinder 13 is appropriately operat-
ed by extending/retracting valve 24, which is an electro-
magnetic proportional switching valve (see FIG. 2). Spe-
cifically, extending/retracting cylinder 13 appropriately
operates when extending/retracting valve 24 switches
the flow rate and flow direction of the operation oil. Note
that extending/retracting valve 24 operates based on an
instruction of control apparatus 18. The expansion/re-
traction length of boom 7 is detected by extending/re-
tracting sensor 28 (see FIG. 2).
[0026] Further, boom 7 can be freely raised and low-
ered by an actuator. In the subject application, this actu-
ator is defined as luffing cylinder 14. Luffing cylinder 14
is appropriately operated by luffing valve 25, which is an
electromagnetic proportional switching valve (see FIG.
2). Specifically, luffing cylinder 14 appropriately operates
when luffing valve 25 switches the flow rate and flow di-
rection of the operation oil. Note that luffing valve 25 op-
erates based on an instruction of control apparatus 18.
The luffing angle of boom 7 is detected by luffing sensor
29 (see FIG. 2).
[0027] Additionally, hook 9 can be rifted and lowered
by the actuator. In the subject application, this actuator
is defined as winding motor 15. Winding motor 15 is ap-
propriately operated by winding valve 26, which is an
electromagnetic proportional switching valve (see FIG.
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2). Specifically, winding motor 15 appropriately operates
when winding valve 26 switches the flow rate and flow
direction of the operation oil. Note that winding valve 26
operates based on an instruction of control apparatus
18. The hanging length of hook 9 is detected by winding
sensor 30 (see FIG. 2).
[0028] Incidentally, in the subject application, the XYZ
coordinate system is defined with respect to crane 1. The
X-axis direction (also referred to as depth direction) in
the XYZ coordinate system is a direction perpendicular
to the axis direction of the luffing fulcrum of boom 7 and
perpendicular to the gravity direction. In addition, the Y-
axis direction (also referred to as horizontal direction) in
the XYZ coordinate system is a direction parallel to the
axis direction of the luffing fulcrum of boom 7 and per-
pendicular to the gravity direction. Further, the Z-axis di-
rection (also referred to as vertical direction) in the XYZ
coordinate system is a direction perpendicular to the axis
direction of the luffing fulcrum of boom 7 and parallel to
the gravity direction.
[0029] Next, guide display device (guide display sys-
tem) 50 according to an embodiment of the present in-
vention is described.
[0030] As illustrated in FIG. 2, guide display device 50
is linked to control apparatus 18 of crane 1. Guide display
device 50 includes data acquiring section 60, data
processing section 70, data display section 80 and data
input section 90.
[0031] Data acquiring section 60 acquires information
required for generating guide information described later.
Data acquiring section 60 includes sensor unit 66 com-
posed of camera 61, laser scanner 62, inertia measure-
ment unit 63 and first positioning apparatus 64 integrated
with each other. Sensor unit 66 is attached at the end
portion of boom 7 through a gimbal (see FIG. 1).
[0032] Camera 61 captures a part of the work area.
Camera 61 outputs a captured image to data processing
section 70. Note that camera 61 captures lifting cargo W
and ground surface F (including ground object E) around
lifting cargo W from above lifting cargo W. Thus, data
processing section 70 can acquire the images of lifting
cargo W and ground surface F (including ground object
E) around lifting cargo W.
[0033] Laser scanner 62 acquires point group data P
for a part of the work area (see FIG. 3). Laser scanner
62 outputs the acquired point group data P to data
processing section 70. Note that laser scanner 62 scans
lifting cargo W and ground surface F (including ground
object E) around lifting cargo W from above lifting cargo
W. Thus, data processing section 70 can acquire point
group data P of lifting cargo W and ground surface F
(including ground object E) around lifting cargo W.
[0034] Inertia measurement unit (hereinafter referred
to as "IMU") 63 acquires information related to the pos-
ture of sensor unit 66 (more specifically, information re-
lated to the postures of camera 61 and laser scanner 62).
IMU 63 outputs the acquired information related to the
postures of camera 61 and laser scanner 62 to data

processing section 70. Thus, data processing section 70
can acquire the information related to the postures of
camera 61 and laser scanner 62.
[0035] First positioning apparatus (Global Navigation
Satellite System, hereinafter referred to as "GNSS re-
ceiver") 64 acquires the latitude, the longitude and the
altitude value (more specifically, the coordinate value of
laser scanner 62) of sensor unit 66 by receiving radio
waves emitted from the GNSS satellite. GNSS receiver
64 outputs the acquired coordinate value of laser scanner
62 to data processing section 70. Thus, data processing
section 70 can acquire the coordinate value of laser scan-
ner 62.
[0036] Additionally, in data acquiring section 60, sec-
ond positioning apparatus 65 is disposed at the swinging
center position of crane apparatus 6. Second positioning
apparatus (Global Navigation Satellite System, herein-
after referred to as "GNSS receiver") 65 acquires the lat-
itude, the longitude and the altitude value (more specif-
ically, the coordinate value of the swinging center of crane
apparatus 6) of the swinging center of crane apparatus
6 by receiving radio waves emitted from the GNSS sat-
ellite. GNSS receiver 65 outputs the acquired swinging
center coordinate value to data processing section 70.
Thus, data processing section 70 can acquire the coor-
dinate value of the swinging center of crane apparatus 6.
[0037] In this manner, with the coordinate value of laser
scanner 62 and the coordinate value of the swinging cent-
er of crane apparatus 6, guide display device 50 makes
up a GNSS compass with boom 7 as the bassline. Thus,
data processing section 70 can calculate the orientation
of laser scanner 62. In addition, in guide display device
50, it is preferable that the measurement time of IMU 63
and point group data P be synchronized at the time of
the atomic clock of the GNSS satellite (hereinafter re-
ferred to as "GNSS time"). Note that GNSS receiver 64
and GNSS receiver 65, with high measurement accuracy
real time kinematic (RTK) positioning system employ. It
should be noted that the RTK positioning system is not
limitative, and other positioning systems may be em-
ployed.
[0038] Data processing section 70 is connected to data
acquiring section 60, and performs various processes.
Data processing section 70 is composed of a general-
purpose computer, for example. Note that data process-
ing section 70 is disposed near sensor unit 66. It should
be noted that data processing section 70 may be dis-
posed at other locations such as inside cabin 11. Natu-
rally, it may be portable.
[0039] Data display section 80 is connected to data
processing section 70, and displays various information.
Data display section 80 is composed of a general-pur-
pose monitor, for example. Note that data display section
80 is disposed inside cabin 11. Thus, the information can
be provided to the operator of crane 1. Naturally, in the
case where data processing section 70 is portable or the
like, it may be an integrated monitor.
[0040] Data input section 90 is connected to data
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processing section 70, and configured to input various
numerical values or change the setting. Data input sec-
tion 90 is composed of a general-purpose keyboard,
mouse, or touch panel. Note that data input section 90
is also disposed inside cabin 11. Thus, the operator of
crane 1 can freely input numerical values or change the
setting. Naturally, in the case where data processing sec-
tion 70 is portable or the like, it may be an integrated
keyboard, mouse, or touch panel.
[0041] Next, scanning with laser scanner 62 is de-
scribed.
[0042] As illustrated in FIG. 3, laser scanner 62 irradi-
ates ground surface F with laser light from above. Laser
scanner 62 includes a plurality of laser transmitters and
laser receivers, and can simultaneously emit a plurality
of laser beams and simultaneously acquire a plurality of
pieces of point data p (a set of point data p is point group
data P).
[0043] To be more specific, laser scanner 62 includes
a total of 16 laser transmitters, and can simultaneously
emit 16 laser beams. The irradiation angles of the laser
transmitters are different from each other by 2 degrees
around in the Y-axis direction. In addition, the laser trans-
mitters are configured to be able to perform the emission
while continuously changing the phase angle around the
X axis. Thus, laser scanner 62 can irradiate a predeter-
mined range of ground surface F with laser light.
[0044] Further, laser scanner 62 includes a total of 16
laser receivers, and can simultaneously detect reflection
light of 16 laser beams. The irradiation angles of the laser
receivers are different from each other by 2 degrees
around the Y-axis direction. In addition, each laser re-
ceiver is configured to be able to detect the reflection
light at the same light path as that of the laser light trans-
mitted from the laser transmitter. In this manner, laser
scanner 62 can acquire point group data P covering
ground surface F. Note that the range where point group
data P can be acquired includes measurement region R,
which is the range captured by camera 61.
[0045] With this configuration, data processing section
70 can acquire point group data P for the range including
measurement region R. Laser scanner 62 scans lifting
cargo W and ground surface F (including ground object
E) around lifting cargo W from above lifting cargo W, and
thus point group data P indicates lifting cargo W, ground
surface F, and ground object E. Various information ac-
quired by IMU 63 and GNSS receivers 64 and 65 is added
to each point data p making up point group data P. Ex-
amples of such information include posture information
and location information.
[0046] Next, a procedure of a process of data process-
ing section 70 is described.
[0047] As illustrated in FIG. 4, data processing section
70 performs point group data correction step STEP-1,
three-dimensional map creation step STEP-2, clustering
step STEP-3 and work area visualization step STEP-4.
These steps are repeated at predetermined time inter-
vals.

[0048] At point group data correction step STEP-1, the
point group data P, posture information and location in-
formation of the time point closest to the current time are
acquired on the basis of the information of laser scanner
62, IMU 63 and GNSSs 64 and 65, and the orientation
of laser scanner 62 is calculated. Then, by using the pos-
ture information, location information and orientation, the
position and inclination of point group data P are correct-
ed, and are output as corrected point group data P (see
FIG. 5).
[0049] To be more specific, point group data correction
step STEP-1 is composed of time synchronization proc-
ess STEP-11 and rigid transformation process STEP-12.
[0050] At time synchronization process STEP-11, at
the time closest to the current time, the information of
IMU 63, GNSSs 64 and 65 and laser scanner 62 that has
run from one end to the other in measurement region R
are synchronized at the GNSS time. Then, the combina-
tion of the synchronized point data p, posture information,
and location information are output.
[0051] At rigid transformation process STEP-12, one
combination of the synchronized point data p, posture
information, and location information is acquired. Then,
rigid transformation of the coordinate value of point data
p is performed by using the acquired posture information,
the coordinate system of point data p is converted into a
plane right angle coordinate system, and point group data
P with the corrected inclination, position and orientation
is output.
[0052] At three-dimensional map creation step STEP-
2, corrected point group data P acquired at different times
and positions are superimposed on one another and di-
vided into grid cells G of a grid form (a region divided into
a grid including a plurality of pieces of point data p), and
representative point Pr is calculated for each grid cell G
(see FIG. 6A). Then, a plane is generated based on rep-
resentative point Pr, and output as three-dimensional
map M of the work area (see FIG. 6B).
[0053] To be more specific, three-dimensional map
creation step STEP-2 is composed of grid cell generation
process STEP-21 and three-dimensional map update
process STEP-22.
[0054] At grid cell generation process STEP-21, cor-
rected point group data P is superimposed on one an-
other and divided into grid cells G of a grid form. Then,
the average value of the altitude value of point data p
included in grid cell G (the height component of the co-
ordinate value) is calculated, and representative point Pr
with the average height component value is calculated
at the gravity center of grid cell G.
[0055] At three-dimensional map update process
STEP-22, representative point Pr calculated anew for
each grid cell G is acquired. In addition, existing repre-
sentative point Pr calculated at the last time is also ac-
quired. Then, when representative point Pr calculated
anew and existing representative point Pr are different
from each other, a plane based on representative point
Pr calculated anew is generated and three-dimensional
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map M is output.
[0056] At clustering step STEP-3, label L is provided
to the identification region on the basis of the relationship
of the height components of representative points Pr re-
garding representative points Pr of adjacent grid cells G
on the upper, lower, left and right sides (see FIG. 7A).
Note that the circled numbers illustrated in FIG. 7A and
the like represent labels L. Then, among the identification
regions provided with the same label L, the identification
region corresponding to lifting cargo W is output as lifting
cargo W, and the identification region corresponding to
ground surface F is output as ground surface F (see FIG.
7B). Further, the other identification regions are output
as ground object E (see FIG. 7C).
[0057] To be more specific, clustering step STEP-3 is
composed of labeling process STEP-31, same region
estimation process STEP-32 and ground object region
estimation process STEP-33.
[0058] At labeling process STEP-31, grid cells G ar-
ranged in a grid are assumed to be pixels. In addition,
the height component of representative point Pr in each
grid cell G is assumed to be the luminance value. Further,
the luminance values of adjacent grid cells G on the up-
per, lower, left and right sides are compared with each
other based on a predetermined rule, and label L is pro-
vided to the identification region.
[0059] At same region estimation process STEP-32,
the identification regions provided with the same label L
are assumed to be one flat surface. Further, the identifi-
cation region manually selected by the operator from
among the identification regions provided with the same
label L is output as lifting cargo W. In addition, the iden-
tification region with a largest number of pieces of point
data p is output as ground surface F.
[0060] At ground object region estimation process
STEP-33, a set of representative points Pr is acquired
as an identification region for regions other than the iden-
tification regions set as lifting cargo W and ground surface
F. Then, after ground surface F set as the identification
region closest to that identification region is acquired, the
average value of the height components is calculated,
and it is output as ground object E when the average
value difference is equal to or smaller than the height
component difference of the same identification region.
[0061] At work area visualization step STEP-4, guide
information such as guide frame diagram GD1 that sur-
rounds lifting cargo W and ground object E (including
numerical values GD2 and GD3 representing the alti-
tude) is generated, the guide information is superim-
posed on the image captured with camera 61, and output
to data display section 80 (see FIG. 8A). In addition,
three-dimensional map M representing the three-dimen-
sional positional relationship of lifting cargo W, ground
surface F and ground object E is visualized and output
(see FIG. 8B).
[0062] To be more specific, work area visualization
step STEP-4 is composed of region visualization process
STEP-41 and three-dimensional map visualization proc-

ess STEP-42.
[0063] At region visualization process STEP-41, the
positions of lifting cargo W and ground object E on the
image are calculated on the basis of the position and
orientation of laser scanner 62. Then, guide frame dia-
gram GD 1 that surrounds lifting cargo W and ground
object E is generated, and guide frame diagram GD1 is
output in a superimposed manner on lifting cargo W and
ground object E in the image captured with camera 61.
In addition, numerical value GD2 representing the alti-
tude of lifting cargo W and numerical value GD3 repre-
senting the altitude of ground object E are also output.
[0064] At three-dimensional map visualization process
STEP-42, for lifting cargo W, ground surface F and
ground object E provided with label L, the coordinate val-
ue of representative point Pr is acquired for each grid cell
G. Then, a plane with representative point Pr as the cent-
er of gravity is generated for each grid cell G. At this time,
the width of one side of the plane is the same as the width
of grid cell G. Thereafter, each of lifting cargo W, ground
surface F and ground object E is colored so as to visualize
it as three-dimensional map M.
[0065] Next, a procedure of ground object region esti-
mation process STEP-33 according to the first embodi-
ment is elaborated. Here, it is assumed that ground object
E has already been specified.
[0066] As described above, data processing section
70 performs ground object region estimation process
STEP-33 at clustering step STEP-3.
[0067] As illustrated in FIG. 9, ground object region
estimation process STEP-33 is composed of a plurality
of processes performed for each grid cell G. The proce-
dure of the process described below is an example that
can be employed for guide display device 50. It should
be noted that the procedure of the process is not limitative
as long as the invention described in the subject appli-
cation can be achieved.
[0068] At first process STEP-331, data processing
section 70 acquires a plurality of frames f·f·f··· aligned in
a time-series manner (see FIG. 10A). The "frame f’ can
be said to be synonymous with a three-dimensional map
M created based on point group data P at a certain time.
After three-dimensional maps M·M·M··· are acquired, the
process proceeds to second process STEP-332.
[0069] At second process STEP-332, data processing
section 70 acquires the altitude value (the height com-
ponent of representative point Pr) of each grid cell G as
first altitude value En1 for three-dimensional map M cre-
ated at time t closest to the current time (see FIG. 10B).
After first altitude value En1 is acquired, the process pro-
ceeds to third process STEP-333.
[0070] At third process STEP-333, data processing
section 70 acquires the altitude value (the height com-
ponent of representative point Pr) of each grid cell G for
a predetermined number of three-dimensional maps
M·M·M··· excluding three-dimensional map M created at
time t closest to the current time, and calculates the av-
erage altitude value as second altitude value En2 (see
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FIG. 10C). In this guide display device 50, the maps of
the "predetermined number" are the past successive thir-
ty maps (t-first to t-30th maps). After second altitude value
En2 is acquired, the process proceeds to fourth process
STEP-334.
[0071] At fourth process STEP-334, data processing
section 70 determines whether the difference between
first altitude value En1 and second altitude value En2 is
greater than a threshold value. In this guide display de-
vice 50, the "threshold value" is 0.6 meters. When the
difference is greater than the threshold value, the process
proceeds to fifth process STEP-335, whereas when the
difference is not greater than the threshold value, the
process proceeds to sixth process STEP-336.
[0072] At fifth process STEP-335, data processing
section 70 determines that ground object E including the
grid cell G concerned is a moving object (see arrow m of
FIG. 17). In this manner, data processing section 70 can
recognize that this ground object E is a moving object.
Note that for ground object E identified as a moving ob-
ject, data display section 80 indicates guide frame dia-
gram GD1 with a color different from that of other ground
objects (ground objects identified as stationary objects)
E. In addition, it indicates numerical value GD3 repre-
senting the altitude of the color different from that of the
other ground objects (ground objects identified as sta-
tionary objects) E.
[0073] On the other hand, at sixth process STEP-336,
data processing section 70 determines that ground object
E including the grid cell G concerned is a stationary object
(see arrow s of FIG. 17). In this manner, data processing
section 70 can recognize that this ground object E is a
stationary object. Note that for ground object E identified
as a stationary object, data display section 80 indicates
guide frame diagram GD1 with a color different from that
of other ground objects (ground objects identified as mov-
ing objects) E. In addition, it indicates numerical value
GD3 representing the altitude with a color different from
that of other ground objects (ground objects identified as
moving objects) E.
[0074] As described above, this guide display device
50 creates three-dimensional map M in a unit of succes-
sive frames f·f·f···. Then, it acquires the altitude value (the
height component of representative point Pr) of each grid
cell G as first altitude value En1 for three-dimensional
map M created at time t closest to the current time, ac-
quires the altitude value (the height component of repre-
sentative point Pr) of each grid cell G for a predetermined
number of three-dimensional maps M.M.M... excluding
three-dimensional map M created at time t closest to the
current time, calculates the average altitude value as sec-
ond altitude value En2, and determines that it is a moving
object when the difference between first altitude value
En1 and second altitude value En2 exceeds a predeter-
mined threshold value. With this guide display device 50,
whether ground object E in the work area is a moving
object can be recognized in a discriminative manner.
[0075] Incidentally, in this guide display device 50, it is

possible to add a configuration that acquires the position
of ground object E created at time t closest to the current
time in three-dimensional map M, acquires the position
of ground object E in other three-dimensional maps M
excluding three-dimensional map M created at time t
closest to the current time (the position of ground object
E is acquired by using the last three-dimensional map M,
but when the same ground object E is not indicated in
that three-dimensional map M, the position of ground ob-
ject E is acquired by using an older three-dimensional
map M), and determines that it is a stationary object when
these positions overlap each other. When such a config-
uration is added, it is possible to determine that the cor-
responding ground object E is a stationary object. Then,
by excluding the ground object E determined to be a sta-
tionary object, the determination regarding a moving ob-
ject can be more reliably performed for other ground ob-
jects E.
[0076] Next, a procedure of ground object region esti-
mation process STEP-33 according to the second em-
bodiment is elaborated. Here, it is assumed that ground
object E has already been specified.
[0077] As described above, data processing section
70 performs ground object region estimation process
STEP-33 at clustering step STEP-3.
[0078] As illustrated in FIG. 11, ground object region
estimation process STEP-33 is composed of a plurality
of processes performed for each grid cell G. The proce-
dure of the process described below is an example that
can be employed for guide display device 50. It should
be noted that the procedure of the process is not limitative
as long as the invention described in the subject appli-
cation can be achieved.
[0079] At first process STEP-331, data processing
section 70 acquires a plurality of frames f-f-f... aligned in
a time-series manner (see FIG. 12A). The "frame f’ can
be said to be synonymous with a three-dimensional map
M created based on point group data P at a certain time.
After three-dimensional maps M·M·M··· are acquired, the
process proceeds to second process STEP-332.
[0080] At second process STEP-332, data processing
section 70 acquires the altitude value (the height com-
ponent of representative point Pr) of each grid cell G for
a predetermined number of three-dimensional maps
M·M·M··· including three-dimensional map M created at
time t closest to the current time, and calculates the av-
erage altitude value as first average value An1 (see FIG.
12B). In this guide display device 50, the maps of the
"predetermined number" are the past successive thirty
maps (tth to t-29th maps). After first average value An1
is acquired, the process proceeds to third process STEP-
333.
[0081] At third process STEP-333, data processing
section 70 acquires the altitude value (the height com-
ponent of representative point Pr) of each grid cell G for
a predetermined number of three-dimensional maps
M·M·M··· excluding three-dimensional map M created at
time t closest to the current time and calculates the av-
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erage altitude value as second average value An2 (see
FIG. 12C). In this guide display device 50, the maps of
the "predetermined number" are the past successive thir-
ty maps (t-first to t-30th maps). After second average
value An2 is acquired, the process proceeds to fourth
process STEP-334.
[0082] At fourth process STEP-334, data processing
section 70 determines whether the difference between
first average value An1 and second average value An2
is greater than a threshold value. In this guide display
device 50, the "threshold value" is 0.4 meters. When the
difference is greater than the threshold value, the process
proceeds to fifth process STEP-335, whereas when the
difference is not greater than the threshold value, the
process proceeds to sixth process STEP-336.
[0083] At fifth process STEP-335, data processing
section 70 determines that ground object E including the
grid cell G concerned is a moving object (see arrow m of
FIG. 17). In this manner, data processing section 70 can
recognize that this ground object E is a moving object.
Note that for ground object E identified as a moving ob-
ject, data display section 80 indicates guide frame dia-
gram GD1 with a color different from that of other ground
objects (ground objects identified as stationary objects)
E. In addition, it indicates numerical value GD3 repre-
senting the altitude of the color different from that of the
other ground objects (ground objects identified as sta-
tionary objects) E.
[0084] On the other hand, at sixth process STEP-336,
data processing section 70 determines that ground object
E including the grid cell G concerned is a stationary object
(see arrow s of FIG. 17). In this manner, data processing
section 70 can recognize that this ground object E is a
stationary object. Note that for ground object E identified
as a stationary object, data display section 80 indicates
guide frame diagram GD1 with a color different from that
of other ground objects (ground objects identified as mov-
ing objects) E. In addition, it indicates numerical value
GD3 representing the altitude with a color different from
that of other ground objects (ground objects identified as
moving objects) E.
[0085] As described above, this guide display device
50 creates three-dimensional map M in a unit of succes-
sive frames f·f·f···. Then, it acquires the altitude value (the
height component of representative point Pr) of each grid
cell G for a predetermined number of three-dimensional
maps M·M·M··· including three-dimensional map M cre-
ated at time t closest to the current time, calculates the
average altitude value as first average value An1, ac-
quires the altitude value (the height component of repre-
sentative point Pr) of each grid cell G for a predetermined
number of three-dimensional maps M·M·M··· excluding
three-dimensional map M created at time t closest to the
current time, calculates the average altitude value as sec-
ond average value An2, and determines that it is a moving
object when the difference between first average value
An1 and second average value An2 exceeds a predeter-
mined threshold value. With this guide display device 50,

whether ground object E in the work area is a moving
object can be recognized in a discriminative manner.
[0086] Incidentally, in this guide display device 50, it is
possible to add a configuration that acquires the position
of ground object E created at time t closest to the current
time in three-dimensional map M, acquires the position
of ground object E in other three-dimensional maps M
excluding three-dimensional map M created at time t
closest to the current time (the position of ground object
E is acquired by using the last three-dimensional map M,
but when the same ground object E is not indicated in
that three-dimensional map M, the position of ground ob-
ject E is acquired by using an older three-dimensional
map M), and determines that it is a stationary object when
these positions overlap each other. When such a config-
uration is added, it is possible to determine that the cor-
responding ground object E is a stationary object. Then,
by excluding the ground object E determined to be a sta-
tionary object, the determination regarding a moving ob-
ject can be more reliably performed for other ground ob-
jects E.
[0087] Next, a procedure of ground object region esti-
mation process STEP-33 according to the third embod-
iment is elaborated. Here, it is assumed that ground ob-
ject E has already been specified.
[0088] As described above, data processing section
70 performs ground object region estimation process
STEP-33 at clustering step STEP-3.
[0089] As illustrated in FIG. 13, ground object region
estimation process STEP-33 is composed of a plurality
of processes performed for each grid cell G. The proce-
dure of the process described below is an example that
can be employed for guide display device 50. It should
be noted that the procedure of the process is not limitative
as long as the invention described in the subject appli-
cation can be achieved.
[0090] At first process STEP-331, data processing
section 70 acquires a plurality of frames f-f-f... aligned in
a time-series manner (see FIG. 14A). The "frame f’ can
be said to be synonymous with a three-dimensional map
M created based on point group data P at a certain time.
After three-dimensional maps M·M·M··· are acquired, the
process proceeds to second process STEP-332.
[0091] At second process STEP-332, data processing
section 70 provides label value Ln representing ground
surface F or ground object E to each of three-dimensional
maps M·M·M··· for each grid cell G (see FIG. 14B). "0" is
provided as label value Ln to ground surface F, and "1"
is provided as label value Ln to ground object E. After
label value Ln is provided, the process proceeds to third
process STEP-333.
[0092] At third process STEP-333, for three-dimen-
sional map M created at time t closest to the current time,
data processing section 70 acquires label value (ground
surface F is "0" and ground object E is "1") Ln of each
grid cell G as first label value Ln1 (see FIG. 14C). After
first label value Ln1 is acquired, the process proceeds to
fourth process STEP-334.
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[0093] At fourth process STEP-334, for a predeter-
mined number of three-dimensional maps M·M·M··· ex-
cluding three-dimensional map M created at time t clos-
est to the current time, data processing section 70 ac-
quires label value (ground surface F is "0" and ground
object E is "1") Ln of each grid cell G, and calculates the
average of label value Ln as second label value Ln2 (see
FIG. 14D). In this guide display device 50, the maps of
the "predetermined number" are the past successive
twenty maps (t-first to t-20th maps). After second label
value Ln2 is acquired, the process proceeds to fifth proc-
ess STEP-335.
[0094] At fifth process STEP-335, data processing
section 70 determines whether the difference between
first label value Ln1 and second label value Ln2 is greater
than a threshold value. In this guide display device 50,
the "threshold value" is 0.85 meters. When the difference
is greater than the threshold value, the process proceeds
to sixth process STEP-336, whereas when the difference
is not greater than the threshold value, the process pro-
ceeds to seventh process STEP-337.
[0095] At sixth process STEP-336, data processing
section 70 determines that ground object E including the
grid cell G concerned is a moving object (see arrow m of
FIG. 17). In this manner, data processing section 70 can
recognize that this ground object E is a moving object.
Note that for ground object E identified as a moving ob-
ject, data display section 80 indicates guide frame dia-
gram GD1 with a color different from that of other ground
objects (ground objects identified as stationary objects)
E. In addition, it indicates numerical value GD3 repre-
senting the altitude of the color different from that of the
other ground objects (ground objects identified as sta-
tionary objects) E.
[0096] On the other hand, at seventh process STEP-
337, data processing section 70 determines that ground
object E including the grid cell G concerned is a stationary
object (see arrow s of FIG. 17). In this manner, data
processing section 70 can recognize that this ground ob-
ject E is a stationary object. Note that for ground object
E identified as a stationary object, data display section
80 indicates guide frame diagram GD1 with a color dif-
ferent from that of other ground objects (ground objects
identified as moving objects) E. In addition, it indicates
numerical value GD3 representing the altitude with a
color different from that of other ground objects (ground
objects identified as moving objects) E.
[0097] As described above, this guide display device
50 creates three-dimensional map M in a unit of succes-
sive frames f·f·f···. Then, it provides label value Ln rep-
resenting ground surface F or ground object E to each
of three-dimensional maps M·M·M··· for each grid cell G,
acquires label value Ln of each grid cell G as first label
value Ln1 for three-dimensional map M created at time
t closest to the current time, acquires label value Ln of
each grid cell G for a predetermined number of three-
dimensional maps M·M·M··· excluding three-dimensional
map M created at time t closest to the current time, cal-

culates the average of label values Ln· Ln· Ln ··· as sec-
ond label value Ln2, and determines that it is a moving
object when the difference between first label value Ln1
and second label value Ln2 exceeds a predetermined
threshold value. With this guide display device 50, wheth-
er ground object E in the work area is a moving object
can be recognized in a discriminative manner.
[0098] Incidentally, in this guide display device 50, it is
possible to add a configuration that acquires the position
of ground object E created at time t closest to the current
time in three-dimensional map M, acquires the position
of ground object E in other three-dimensional maps M
excluding three-dimensional map M created at time t
closest to the current time (the position of ground object
E is acquired by using the last three-dimensional map M,
but when the same ground object E is not indicated in
that three-dimensional map M, the position of ground ob-
ject E is acquired by using an older three-dimensional
map M), and determines that it is a stationary object when
these positions overlap each other. When such a config-
uration is added, it is possible to determine that the cor-
responding ground object E is a stationary object. Then,
by excluding the ground object E determined to be a sta-
tionary object, the determination regarding a moving ob-
ject can be more reliably performed for other ground ob-
jects E.
[0099] Next, a procedure of ground object region esti-
mation process STEP-33 according to the fourth embod-
iment is elaborated. Here, it is assumed that ground ob-
ject E has already been specified.
[0100] As described above, data processing section
70 performs ground object region estimation process
STEP-33 at clustering step STEP-3.
[0101] As illustrated in FIG. 15, ground object region
estimation process STEP-33 is composed of a plurality
of processes performed for each grid cell G. The proce-
dure of the process described below is an example that
can be employed for guide display device 50. It should
be noted that the procedure of the process is not limitative
as long as the invention described in the subject appli-
cation can be achieved.
[0102] At first process STEP-331, data processing
section 70 acquires a plurality of frames f·f·f··· aligned in
a time-series manner (see FIG. 16A). The "frame f’ can
be said to be synonymous with a three-dimensional map
M created based on point group data P at a certain time.
After three-dimensional maps M·M·M··· are acquired, the
process proceeds to second process STEP-332.
[0103] At second process STEP-332, data processing
section 70 acquires the position of ground object E cre-
ated at time t closest to the current time in three-dimen-
sional map M (coordinate value) as first ground object
position Ep1 (see FIG. 16B). After first ground object po-
sition Ep1 is acquired, the process proceeds to third proc-
ess STEP-333.
[0104] At third process STEP-333, data processing
section 70 acquires the position (coordinate value) of
ground object E in other three-dimensional maps M ex-
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cluding three-dimensional map M created at time t clos-
est to the current time, as second ground object position
Ep2 (see FIG. 16C). In this guide display device 50, sec-
ond ground object position Ep2 is acquired by using the
last three-dimensional map M, but when corresponding
ground object E is not indicated in that three-dimensional
map M, second ground object position Ep2 is acquired
by using another older three-dimensional map M. After
second ground object position Ep2 is acquired, the proc-
ess proceeds to fourth process STEP-334.
[0105] At fourth process STEP-334, data processing
section 70 determines whether the difference (displace-
ment in the horizontal direction) between first ground ob-
ject position Ep1 and second ground object position Ep2
is greater than a threshold value. In this guide display
device 50, the "threshold value" is defined by the coor-
dinate value of grid cell G. When the difference is greater
than the threshold value, the process proceeds to fifth
process STEP-335, whereas when the difference is
greater than the threshold value, the process proceeds
to sixth process STEP-336.
[0106] At fifth process STEP-335, data processing
section 70 determines that ground object E including the
grid cell G concerned is a moving object (see arrow m of
FIG. 17). In this manner, data processing section 70 can
recognize that this ground object E is a moving object.
Note that for ground object E identified as a moving ob-
ject, data display section 80 indicates guide frame dia-
gram GD1 with a color different from that of other ground
objects (ground objects identified as stationary objects)
E. In addition, it indicates numerical value GD3 repre-
senting the altitude of the color different from that of the
other ground objects (ground objects identified as sta-
tionary objects) E.
[0107] On the other hand, at sixth process STEP-336,
data processing section 70 determines that ground object
E including the grid cell G concerned is a stationary object
(see arrow s of FIG. 17). In this manner, data processing
section 70 can recognize that this ground object E is a
stationary object. Note that for ground object E identified
as a stationary object, data display section 80 indicates
guide frame diagram GD1 with a color different from that
of other ground objects (ground objects identified as mov-
ing objects) E. In addition, it indicates numerical value
GD3 representing the altitude with a color different from
that of other ground objects (ground objects identified as
moving objects) E.
[0108] As described above, this guide display device
50 creates three-dimensional map M in a unit of succes-
sive frames f·f·f···. Then, it specifies ground object E for
each of three-dimensional maps M·M·M···, acquires the
position of ground object E created at time t closest to
the current time in three-dimensional map M as first
ground object position Ep1, acquires, as second ground
object position Ep2, the position of ground object E in
another three-dimensional map excluding three-dimen-
sional map M created at time t closest to the current time
M, and determines that it is a moving object when the

difference between first ground object position Ep1 and
second ground object position Ep2 exceeds a predeter-
mined threshold value. With this guide display device 50,
whether ground object E in the work area is a moving
object can be recognized in a discriminative manner.
[0109] Incidentally, in this guide display device 50, it is
possible to add a configuration that acquires the position
of ground object E created at time t closest to the current
time in three-dimensional map M, acquires the position
of ground object E in other three-dimensional maps M
excluding three-dimensional map M created at time t
closest to the current time (the position of ground object
E is acquired by using the last three-dimensional map M,
but when the same ground object E is not indicated in
that three-dimensional map M, the position of ground ob-
ject E is acquired by using an older three-dimensional
map M), and determines that it is a stationary object when
these positions overlap each other. When such a config-
uration is added, it is possible to determine that the cor-
responding ground object E is a stationary object. Then,
by excluding the ground object E determined to be a sta-
tionary object, the determination regarding a moving ob-
ject can be more reliably performed for other ground ob-
jects E.
[0110] Finally, the subject of the invention may be con-
sidered to be crane 1 including guide display device 50,
as well as guide display device 50.
[0111] Specifically, crane 1 includes guide display de-
vice 50. With such a crane 1, an effect similar to the
above-described effect can be achieved.

Industrial Applicability

[0112] The present invention is applicable to a guide
display device and a crane including the same.

Reference Signs List

[0113]

1 Crane
50 Guide display device
60 Data acquiring section
61 Camera
62 Laser scanner
63 Inertia measurement unit (IMU)
64 First positioning apparatus (GNSS receiver)
65 Second positioning apparatus (GNSS receiver)
66 Sensor unit
70 Data processing section
80 Data display section
90 Data input section
F Frame
T Time
E Ground object
F Ground surface
G Grid
M Three-dimensional map
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P Point group data
W Lifting cargo
Pr Representative point
En1 First altitude value
En2 Second altitude value
An1 First average value
An2 Second average value
Ln1 First label value
Ln2 Second label value
Ep1 First ground object position
Ep2 Second ground object position

Claims

1. A guide display device of a crane, comprising:

a data processing section configured to calcu-
late a representative point for each grid cell by
using point group data acquired with a laser
scanner by scanning a lifting cargo, a ground
surface and a ground object from above the lift-
ing cargo and create a three-dimensional map
based on the representative point,
wherein the data processing section creates the
three-dimensional map in a unit of successive
frames,
wherein the data processing section acquires
an altitude value of each grid cell as a first alti-
tude value for the three-dimensional map creat-
ed at a time closest to a current time,
wherein the data processing section acquires
an altitude value of each grid cell for a predeter-
mined number of other three-dimensional maps
excluding the three-dimensional map created at
the time closest to the current time, and calcu-
lates an average of the altitude value as a sec-
ond altitude value, and
wherein the data processing section determines
that the ground object is a moving object when
a difference between the first altitude value and
the second altitude value exceeds a predeter-
mined threshold value.

2. A guide display device of a crane, comprising:

a data processing section configured to calcu-
late a representative point for each grid cell by
using point group data acquired with a laser
scanner by scanning a lifting cargo, a ground
surface and a ground object from above the lift-
ing cargo and create a three-dimensional map
based on the representative point,
wherein the data processing section creates the
three-dimensional map in a unit of successive
frames,
wherein the data processing section acquires
an altitude value of each grid cell for a predeter-

mined number of the three-dimensional maps
including the three-dimensional map created at
a time closest to a current time, and calculates
an average of the altitude value as a first average
value,
wherein the data processing section acquires
an altitude value of each grid cell for a predeter-
mined number of other three-dimensional maps
excluding the three-dimensional map created at
the time closest to the current time, and calcu-
lates an average of the altitude value as a sec-
ond average value, and
wherein the data processing section determines
that the ground object is a moving object when
a difference between the first average value and
the second average value exceeds a predeter-
mined threshold value.

3. A guide display device of a crane, comprising:

a data processing section configured to calcu-
late a representative point for each grid cell by
using point group data acquired with a laser
scanner by scanning a lifting cargo, a ground
surface and a ground object from above the lift-
ing cargo and create a three-dimensional map
based on the representative point,
wherein the data processing section creates the
three-dimensional map in a unit of successive
frames,
wherein the data processing section provides a
label value representing the ground surface or
the ground object for each grid cell for each
three-dimensional map,
wherein the data processing section acquires
the label value of each grid cell as a first label
value for the three-dimensional map created at
a time closest to a current time,
wherein the data processing section acquires
the label value of each grid cell for a predeter-
mined number of other three-dimensional maps
excluding the three-dimensional map created at
the time closest to the current time, and calcu-
lates an average of the label value as a second
label value, and
wherein the data processing section determines
that the ground object is a moving object when
a difference between the first label value and
the second label value exceeds a predeter-
mined threshold value.

4. A guide display device of a crane, comprising:

a data processing section configured to calcu-
late a representative point for each grid cell by
using point group data acquired with a laser
scanner by scanning a lifting cargo, a ground
surface and a ground object from above the lift-
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ing cargo and create a three-dimensional map
based on the representative point,
wherein the data processing section creates the
three-dimensional map in a unit of successive
frames,
wherein the data processing section specifies
the ground object for each three-dimensional
map,
wherein the data processing section acquires,
as a first ground object position, a position of the
ground object in the three-dimensional map cre-
ated at a time closest to a current time,
wherein the data processing section acquires,
as a second ground object position, the position
of the ground object in another three-dimension-
al map excluding the three-dimensional map
created at a time closest to a current time, and
wherein the data processing section determines
that the ground object is a moving object when
a difference between the first ground object po-
sition and the second ground object position ex-
ceeds a predetermined threshold value.

5. A crane comprising the guide display device accord-
ing to any one of claims 1 to 4.
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