OBSTACLE SENSING SYSTEM AND OBSTACLE SENSING METHOD

DESCRIPTION
TECHNICAL FIELD
[0001]

The present invention relates to an obstacle sensing
system that 1is installed in a moving body such as, for
example, a vehicle configured to travel on a travel surface
and that senses whether an obstacle is present or absent
around the moving body and to an obstacle sensing method,
and in detail relates to an obstacle sensing system and an
obstacle sensing method that can improve accuracy in
determination of presence or absence of an obstacle.
BACKGROUND ART
[0002]

Various obstacle sensing systems that are installed in
automatic driving vehicles and that sense obstacles around
the vehicles are proposed (for example, see Patent Document
1).

[0003]

The obstacle sensing system described in Patent
Document 1 includes a two—-dimensional laser scanner that
performs scanning by steering a laser light beam to front of
the wvehicle in a horizontal direction. This system
determines whether an obstacle is present or absent by
sensing a reflected light beam obtained when the emitted
laser light beam is reflected on the obstacle. Specifically,
the system determines that an obstacle is present when the
reflected light beam is obtained and determines that an

obstacle is absent when no reflected light beam is obtained.



[0004]

The system described in Patent Document 1 is configured
to determine that an obstacle is absent and traveling is
safe when no reflected light beam is obtained. Accordingly,
when an obstacle is an object that is less likely to reflect
the laser light beam such as clothes of a worker or the like,
the system cannot sense the obstacle. The system has such
a defect that it erroneously determines that an obstacle is
absent and the traveling is safe even though a worker is
present in front of the wvehicle. Moreover, the system has
such a defect that it determines that an obstacle is absent
and the traveling is safe when the reflected light beam
cannot be sensed due to a failure of a transmission part
configured to emit the laser light beam or a reception part
configured to receive the reflected light beam.

[0005]

Moreover, the system described in Patent Document 1 is
configured to determine that an obstacle is present when the
reflected light beam is obtained. When this system is used
outdoors, the laser light beam is sometimes reflected on,
for example, rain, insects, and the like. The system has
such a defect that, in this case, it erroneously recognizes
that an obstacle is present based on the obtained reflected
light beam. Although rain, insects, and the like do not
hinder traveling of the vehicle, the system determines that
an obstacle is present, and decelerates or stops the vehicle.
[0006]

The system described in Patent Document 1 has such
defects that it determines that an obstacle is absent even

though an obstacle is present and determines that an obstacle



is present even though an obstacle hindering the traveling
of the wvehicle is absent. In other words, accuracy 1in
determination of presence or absence of an obstacle 1is
insufficient.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0007]

Patent Document 1: Japanese patent application Kokai
publication No. Hei 06-187036

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0008]

The present invention has been made in view of the
aforementioned problems and an object thereof is to provide
an obstacle sensing system and an obstacle sensing method
that can improve accuracy in determination of presence or
absence of an obstacle.

MEANS FOR SOLVING THE PROBLEM
[0009]

An obstacle sensing system of the present invention
for achieving the aforementioned object 1is an obstacle
sensing system including a transmission part that 1is
installed in a moving body and that emits laser light beams
while changing an emission angle and a reception part that
receives reflected light beams of the laser 1light beans,
characterized in that the obstacle sensing system comprises:
a sensing region setting mechanism that sets a sensing region
in advance in a region around reflection positions where the
laser light beams are reflected when an obstacle is absent;

and a determination mechanism that determines whether an



obstacle 1s present or absent depending on the reflected
light beams reflected inside the sensing region.
[0010]

An obstacle sensing method of the present invention is
an obstacle sensing method including emitting laser light
beams from a transmission part installed in a moving body
while changing an emission angle and receiving reflected
light beams of the laser light beams with a reception part
to sense presence or absence of an obstacle, characterized
in that the obstacle sensing method comprises: setting a
sensing region 1in advance 1in a region around reflection
positions where the laser light beams are reflected when an
obstacle is absent; and causing a determination mechanism to
determine whether an obstacle is present or absent depending
on the reflected light beams reflected inside the sensing
region.

EFFECTS OF THE INVENTION
[0011]

The obstacle sensing system and the obstacle sensing
method of the present invention are configured to determine
whether an obstacle is present or absent based on the
reflected light beams from the inside of the sensing region.
Since no reflected light beams from the sensing region can
be obtained when an obstacle is present, it is possible to
sense an obstacle even if the obstacle is an object less
likely to 1reflect the laser 1light beams. This 1is
advantageous in improving accuracy in the determination of
presence or absence of an obstacle.

[0012]

Moreover, according to the obstacle sensing system and



the like of the present invention, when the reflected light
beams cannot be sensed due to problems such as a failure of
the transmission part that emits the laser light beams or
the light reception part that receives the reflected light
beams, the reflected light beams from the sensing region
cannot be obtained and an obstacle is thus determined to
present. Since safe-side measures can be taken, this is
advantageous in improving safety.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

[Fig. 1] Fig. 1 1s an explanatory perspective view
illustrating a gantry crane in which an obstacle sensing
system of the present invention is installed.

[Fig. 2] Fig. 2 1s an explanatory view 1illustrating a
configuration of the obstacle sensing system of the present
invention.

[Fig. 3] Fig. 3 is an explanatory plan view illustrating
a reflection positions on a travel surface when an obstacle
is absent.

[Fig. 4] Fig. 4 1is an explanatory view illustrating a
state in which the obstacle sensing system of Fig. 2 senses
an obstacle.

[Fig. 5] Fig. 5 is an explanatory plan view illustrating
the reflection positions on the travel surface when an
obstacle is present.

[Fig. 6] Fig. 6 1s an explanatory view illustrating a
modified example of a sensing region in Fig. 4.

[Fig. 7] Fig. 7 1s an explanatory view illustrating a
modified example of the sensing region in Fig. 4.

[Fig. 8] Fig. 8 1s an explanatory view 1illustrating a



modified example of scanning directions of laser light beams.
[Fig. 9] Fig. 9 is an explanatory side view illustrating
a modified example of the obstacle sensing system in Fig. 1.
[Fig. 10] Fig. 10 is an explanatory view illustrating a
modified example of the scanning directions of laser light
beams.

[Fig. 11] Fig. 11 is an explanatory side view illustrating
a hoisting tool in which the obstacle sensing system 1is
installed.

MODES FOR CARRYING OUT THE INVENTION

[0014]

An obstacle sensing system and an obstacle sensing
method of the present invention are described below based on
embodiments illustrated in the drawings. ©Note that, in the
drawings, a moving direction of a moving body is illustrated
by an arrow vy, a transverse direction perpendicularly
crossing the moving direction y is illustrated by an arrow
X, and an up-down direction is illustrated by an arrow z.
[0015]

As illustrated in Fig. 1, a gantry crane that is a
moving body 2 in which the obstacle sensing system of the
present invention is installed includes a traveling device
3 that travels in the moving direction y, four leg members
4 that are arranged on the traveling device 3 and that extend
in the up-down direction z, two beam members 5 that extend
in the transverse direction x and that connecting upper ends
of the leg members 4 facing one another in the transverse
direction x, a trolley 6 that is movable in the transverse
direction x along the beam members 5, and a hoisting tool 7

that is suspended from the trolley 6 by wire ropes. The



gantry crane forming the moving body 2 can load and unload
containers while traveling on a travel surface 8 in the
moving direction y.

[0016]

The obstacle sensing system 1 includes transmission
parts 9 that emit laser light beams toward the travel surface
8 and reception parts 10 that receive reflected light beams
reflected on the travel surface 8. The reception parts 10
are arranged near the respective transmission parts 9. 1In
the embodiment, the transmission parts 9 and the reception
parts 10 (hereinafter, collectively referred to as
transmission parts 9 and the 1like in some cases) are
installed at positions in lower portions of the four leg
members 4, near the traveling device 3. The positions where
the transmission parts 9 and the like are provided are not
limited to the aforementioned positions and may be installed
at other positions such as in the traveling device 3.

[0017]

Fach transmission part 9 has a configuration of
steering laser beams along the moving direction y in which
the gantry crane being the moving body 2 travels, to scan a
region in front of the gantry crane in the moving direction
thereof that extends from the near side to the far side. 1In
Fig. 1, directions in which the laser light beams are emitted
are illustrated by broken lines for description.

[0018]

The configuration may be such that the transmission
parts 9 installed on the rear side of the gantry crane in
the moving direction y emit no laser light beams in this

case.



[0019]

The moving body 2 in which the obstacle sensing system
1 is installed is not limited to the gantry crane. The
obstacle sensing system 1 can be installed in a moving body
2 that moves on a plane or in a space and can be installed
in, for example, a guay crane or a container chassis.
Moreover, the obstacle sensing system 1 may be installed in
the hoisting tool 7 or the trolley 6 of the gantry crane or
the quay crane.

[0020]

As illustrated in Fig. 2, the obstacle sensing system
1 includes the transmission parts 9 and the reception parts
10. The transmission parts 9 are not limited to the
configuration that emits laser light beams. The
transmission parts 9 may have a configuration that emits
electromagnetic waves such as light and radio waves or a
configuration that emits acoustic waves. The reception
parts 10 only need to have a configuration that can receive
reflection waves such as electromagnetic waves emitted from
the transmission parts 9.

[0021]

The obstacle sensing system 1 includes a comparison
mechanism 11 that obtains data from the reception parts 10,
a sensing region setting mechanism 12 that sends data to the
comparison mechanism 11, a determination mechanism 13 that
determines whether an obstacle 1is present or absent by
obtaining data from the comparison mechanism 11, a threshold
setting mechanism 14 that is used to adjust a threshold used
in the determination mechanism 13, and a control mechanism

15 that controls the moving body 2 based on a determination



result in the determination mechanism 13. Note that the
comparison mechanism 11, the threshold setting mechanism 14,
and the control mechanism 15 are not essential elements of
the present invention.

[0022]

The obstacle sensing system 1 first emits laser light
beams from each transmission part 9 toward the travel surface
8. The transmission part 9 emits laser light beams radially
(in a fan shape) multiple times in sequence by using rotation
of a mirror or the like. The corresponding reception part
10 obtains time tn from the emission of each laser light
beam to reception of a reflected light beam by the reception
part 10, for each angle 6n of the emission of the laser light
beam from the transmission part 9. In this case, the angle
On indicates a tilt of the laser light beam in a traveling
direction thereof with respect to the up-down direction =z.
[0023]

The transmission part 9 and the reception part 10
measure the distance from the transmission part 9 and the
like to the travel surface 8. The transmission part 9 and
the reception part 10 can be formed of, for example, a two-
dimensional laser scanner. For example, a two-dimensional
laser scanner that has a resolution of 0.125 to 1.000 degrees
for the angle 6n and that has a mirror rotation speed of 5
to 100 Hz can be used.

[0024]

The reception part 10 can use data of a range in which
the angle 6n is 0 degree or more and 90 degrees or less does
not include 90 degrees. The reception part 10 desirably

uses data of a range in which the angle 6n is 0 degrees or



more and 60 degrees or less. The greater the range of the
angle 6n is, the greater the distance from the moving body
2 to a sensible object is. Accordingly, when the speed of
the moving body 2 is high, the upper limit of the range of
the angle 6n is desirably set close to 90 degrees.

[0025]

For example, assume a two-dimensional laser scanner in
which the range of the angle 6n is set to 0 to 60 degrees,
the resolution is set to 0.125 degrees, and the rotation
speed is set to 5 Hz. In this scanner, the reception part
10 obtains 2400 pieces of measurement data in one second.
Specifically, the reception part 10 obtains 2400 pieces of
data that are each a combination of the angle 6n and the
time tn, in one second.

[0026]

Reflection positions Pn where the laser light beams
are reflected on the travel surface 8 are linearly arranged
along the scanning direction of the laser light beams. This
straight line is sometimes referred to as a reference line
16 hereinafter. The reference line 16 is a virtual straight
line formed on the travel surface 8. The reference line 16
can be also referred to as a collection of multiple
reflection positions Pn formed by reflection of the laser
light beams on the travel surface 8. Since the reference
line 16 is formed in a range in which the laser light beams
are reflected on the travel surface 8, the position of the
reference line 16 relative to the transmission part 9 is
fixed. Accordingly, the reference line 16 moves in the
moving direction y with movement of the moving body 2 such

as the gantry crane. In the embodiment, since the laser
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light beams are steered along the moving direction y, the
reference line 16 is a straight line parallel to the moving
direction y. Moreover, the reference line 16 is a straight
line extending along the travel surface 8.

[0027]

In the sensing region setting mechanism 12, a sensing
region S 1is set 1in advance. The sensing region S is a
quadrilateral region formed in a plane extending in the
moving direction y and the up-down direction z and is set as
a position relative to the transmission part 9 and the like.
In this embodiment, the sensing region S is a rectangular
region surrounded by paired long sides 17a, 17b set above
and below the reflection positions Pn, that is the reference
line 16 to extend in a direction along the moving direction
y of the moving body 2 and paired short sides 18a, 18b
extending in the up-down direction 2z and connecting end
portions of the paired long sides 17a, 17b facing one another.
The shape of the sensing region S is not limited to that
described above and can be set as appropriate. For example,
the shape of the sensing region S may be set to a polygonal
shape or a shape including a curve.

[0028]

In the embodiment, the length of the short sides 18a,
18b of the sensing region S can be set in a range of, for
example, plus and minus 100 mm from the reference line 16 in
the up-down direction =z. In a gantry crane that includes
rubber tires, the rubber tires sometimes expand and contract
in the up-down direction z due to load of a container. The
transmission part 9 and the 1like move in the up-down

direction z with the expansion and contraction of the rubber
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tires and the sensing region S also moves in the up-down
direction z with this movement. The length of the short
sides 18a, 18b is set within such a range that the reference
line 16 is in the sensing region S even if the sensing region
S moves in the up-down direction =z.

[0029]

The length of the long sides 17a, 17b can be set within
a range from several meters to several tens of meters in the
horizontal direction. The length of the long sides 17a, 17b
is set to be longer or the same as the reference line 16.
In other words, the range of the sensing region S is set
such that the reference line 16 is always 1in the sensing
region S.

[0030]

The position of the sensing region S relative to the
transmission part 9 is fixed. Accordingly, the sensing
region S moves in the moving direction y with the movement
of the moving body 2 such as the gantry crane like the
reference line 16. In this embodiment, since the reference
line 16 is parallel to the moving direction y, the sensing
region S is a plane parallel to the moving direction vy.
[0031]

The comparison mechanism 11 has a configuration that
compares the reflection position Pn of each laser light beam
emitted from the transmission part 9 with the sensing region
S and determines whether the reflection position Pn is inside
or outside the sensing region S. For example, for emission
of the laser light beam at an angle 61, two intersections
pl, pl' of an emitting direction of this laser light beam

with the border lines of the region S can be determined in
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advance. In other words, a range of two intersections pn,
pn' with the sensing region S is determined for each angle
en.

[0032]

Specifically, the intersections pn, pn' are set by
combining the emission angle 6n of the laser light beam and
times Tn, Tn' from the emission of the laser light beam from
the transmission part 9 to the reception of the reflected
light beam by the reception part 10.

[0033]

When the distance from the reception part 10 to the
reflection position Pl 1is between the distance from the
reception part 10 to the intersection pl and the distance
from the reception part 10 to the intersection pl', the
comparison mechanism 11 determines that the reflection
position P1 is inside the sensing region S. The comparison
mechanism 11 determines whether each of the multiple
reflection positions Pn is inside or outside the sensing
region S based on the data on the sensing region S from the
sensing region setting mechanism 12.

[0034]

Specifically, when the time tn from the emission of
the laser light beam to the reception of the reflected light
beam is between the time Tn corresponding to the intersection
pn and the time Tn' corresponding to the intersection pn',
the comparison mechanism 11 determines that the received
light beam is the reflected light beam from the inside of
the sensing region S.

[0035]

The comparison mechanism 11 sends an ON signal to the

13



determination mechanism 13 when the reflection position Pn
is located inside the sensing region S and sends an OFF
signal to the determination mechanism 13 when the reflection
position Pn is located outside the sensing region S. Signals
sent by the comparison mechanism 11 are not limited to the
aforementioned signals. The comparison mechanism 11 may be
configured to send the OFF signal to the determination
mechanism 13 when the reflection position Pn is inside the
sensing region S and send the ON signal to the determination
mechanism 13 when the reflection position Pn is outside the
sensing region S.

[0036]

The determination mechanism 13 determines whether an
obstacle is present or absent depending on a ratio of the ON
signals and the OFF signals sent from the comparison
mechanism 11. For example, when the reception part 10
receives 2400 pieces of measurement data in one second, 2400
ON and OFF signals are sent from the comparison mechanism 11
to the determination mechanism 13 in one second.

[0037]

The determination mechanism 13 calculates a ratio of
the number of ON signals to a total number of the ON signals
and the OFF signals sent from the comparison mechanism 11
per unit time as a fullness percentage. Moreover, the
determination mechanism 13 stores a threshold of the fullness
percentage determined in advance. The threshold of the
fullness percentage can be set to, for example, 90%.

[0038]
When an obstacle is absent, the reflection positions

Pn are located along the reference line 16 and are located
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inside the sensing region S. Accordingly, 2400 ON signals
are sent to the determination mechanism 13 in one second.
In this case, the fullness percentage is 100% and is a value
equal to or greater than 90% that is the threshold.

[0039]

Since all laser 1light Dbeams emitted from the
transmission part 9 are reflected on the travel surface 8§,
it can be found that no obstacle blocking the laser light
beams 1is present between the transmission part 9 and the
travel surface 8. The determination mechanism 13 determines
that an obstacle is absent and the traveling is safe when
the fullness percentage 1is equal to or higher than the
threshold. The determination mechanism 13 is not limited to
a configuration that performs determination every second.
Frequency of the determination can be set as appropriate and
the determination may be performed, for example, every 0.2
seconds.

[0040]

In this case, as illustrated in Fig. 3, the obstacle
sensing system 1 is in a state where it can recognize the
entire reference line 16. It can be also said that the
obstacle sensing system 1 is in a state where it can see the
travel surface 8.

[0041]

When a worker is in front of the moving body 2 as
illustrated in Figs. 4 and 5, some of the laser light beams
emitted from the transmission part 9 are blocked by the
worker and do not reach the travel surface 8. When the laser
light beams are absorbed by the worker, the obstacle sensing

system 1 cannot obtain the reflected light beams. Even if
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the laser light beams are reflected on the worker, these
beams are reflected light beams from the outside of the
sensing region S. In both cases, the number of reflected
light beams obtained from the inside of the sensing region
S decreases when the worker is present. When the reflection
position Pn of the reflected 1light beam is outside the
sensing region S, the OFF signal 1is outputted from the
comparison mechanism 11 to the determination mechanism 13.
[0042]

Specifically, since the reflection positions P1 to P3
are 1inside the sensing region S, for example, three ON
signals are outputted to the determination mechanism 13.
Meanwhile, since the reflection positions P4 to P6 are
outside the sensing region S, for example, three OFF signals
are outputted to the determination mechanism 13.

[0043]

As illustrated in Fig. 5, the obstacle sensing system
1 is in a state where it can recognize about only half of
the reference line 16. The fullness percentage is about 50%
and is a value smaller than the threshold. In this case,
the obstacle sensing system 1 determines that an obstacle is
present on the reference line 16.

[0044]

When the obstacle sensing system 1 includes the control
mechanism 15, the control mechanism 15 may be configured to
perform control of stopping the moving body 2 such as the
gantry crane or reducing the traveling speed thereof based
on the determination made by the determination mechanism 13
that the obstacle is present.

[0045]

16



Since the obstacle sensing system 1 is not configured
to directly sense an obstacle, the obstacle sensing system
1 can determine that an obstacle is present also when the
obstacle absorbs the laser light beams and the reflected
light beams cannot be obtained. This is advantageous in
improving accuracy 1in determination of presence or absence
of an obstacle.

[0046]

A conventional obstacle sensing system senses presence
of an obstacle by using the reflected light beams from the
obstacle. Accordingly, in order improve the accuracy of the
obstacle sensing system, it is necessary to increase output
of the laser light beams and facilitate obtaining of the
reflected light beams or to improve the sensitivity of the
reception part 10 and enable sensing of a very low amount of
reflection light. A great effort has been made to directly
search for an obstacle whose presence is uncertain. Moreover,
the higher the sensitivity of the system is, the greater the
defect of sensing rain and insects that are not obstacles as
obstacles is. Moreover, the conventional obstacle sensing
system has such a defect that, when the laser light beams
are not emitted or the reflected light beams are not sensed
as a result of some kind of failure, the system cannot sense
an obstacle even if it is present and determines that the
traveling is safe.

[0047]

The obstacle sensing system 1 of the present invention
is configured to sense absence of an obstacle. Specifically,
the obstacle sensing system 1 is configured to check at what

ratio the obstacle sensing system 1 can sense the virtual
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straight line, that is the reference line 16 formed on the
travel surface 8. Since the obstacle sensing system 1 only
needs to sense the reference line 16, there is no need to
increase the output of the laser light beams or improve the
sensitivity of the reception part 10 to improve the accuracy
of the obstacle sensing system 1. The obstacle sensing
system 1 is configured to determine a possibility of absence
of an obstacle and can determine a condition where an
obstacle is highly likely to be absent and a degree of safety
is assumed to be high and a condition where an obstacle 1is
likely to be present and a degree of safety is assumed to be
low, depending on the fullness percentage.

[0048]

The obstacle sensing system 1 1is configured to
determine whether an obstacle is present or absent depending
on the reflected light beams reflected inside the sensing
region S. Accordingly, when the obstacle sensing system 1
cannot receive the reflected light beams due to problems
such as a failure of the transmission part 9 or the reception
part 10, the obstacle sensing system 1 does not erroneously
determine that an obstacle is absent. Thus, the obstacle
sensing system 1 1s a system that operates on the safety
side. This is advantageous in improving safety in movement
of the moving body 2.

[0049]

Since the conventional obstacle sensing system
directly search for an obstacle whose presence is uncertain,
the conventional obstacle sensing system determines that an
obstacle is present even if there is a small response, and

stops the moving body. Meanwhile, in the present invention,
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for example, when one laser light beam is reflected outside
the sensing region S due to rain or an insect, 2399 pieces
of data are ON among the 2400 pieces of data sent to the
determination mechanism 13 and the fullness percentage is
90% or more. Accordingly, it is possible to avoid such a
defect that the moving body 2 such as the gantry crane is
brought to emergency stop.

[0050]

When the obstacle sensing system 1 includes the
threshold setting mechanism 14, a crane operator or the like
can appropriately adjust the threshold depending on weather
or the like. 1In clear weather, the threshold can be set to,
for example, 90%. 1In heavy rain, the threshold can be set
to, for example, 50%. The moving body 2 such as the gantry
crane can be allowed to travel even when many laser light
beams are reflected outside the sensing region S due to rain.
Also in this case, when a worker is present on the reference
line 16, the fullness percentage further decreases to a low
value such as, for example, 25% and the obstacle sensing
system 1 can thus sense the presence of the worker.

[0051]

The configuration in which the comparison mechanism 11
is installed allows one-bit ON or OFF data to be sent to the
determination mechanism 13. Since an amount of data sent to
the determination mechanism 13 is extremely small, this is
advantageous 1in saving a memory amount necessary for the
determination mechanism 13 to perform the determination.
For example, when the moving body 2 is formed of the gantry
crane, the determination mechanism 13 can be incorporated in

a sequencer (PLC) that controls operations of the gantry
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crane. Since the sequencer also needs to perform processing
of controlling traveling of the gantry crane, loading,
unloading, and the 1like, the smaller the memory amount
occupied by the determination mechanism 13 is, the more
desirable the configuration is.

[0052]

Since the memory amount occupied by the determination
mechanism 13 can be reduced, it is possible to increase the
number of laser light beams emitted by the transmission part
9 per unit time or 1increase the frequency of the
determination by the determination mechanism 13. When the
transmission part 9 is formed of a two-dimensional laser
scanner with the mirror rotation speed of 50 Hz, the
determination mechanism 13 can perform the determination
without greatly increasing the occupation amount of the
memory in the sequencer.

[0053]

Assume that the determination mechanism 13 can process,
for example, 2400 pieces of data in one second when the
obstacle sensing system 1 includes no comparison mechanism
11. The determination mechanism 13 can process, for example,
24,000 pieces of data in on second when the obstacle sensing
system 1 includes the comparison mechanism 11.

[0054]

Moreover, since the installation of the comparison
mechanism 11 reduces the amount of data processed by the
determination mechanism 13, the time required for the
determination mechanism 13 to perform the determination can
be reduced. The determination mechanism 13 can perform

determination with almost no delay also when the resolution
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of the two-dimensional laser scanner forming the
transmission part 9 is relatively high and the rotation speed
is relatively high.

[0055]

The obstacle sensing system 1 can appropriately
determine safety of the moving body 2 without delay also
when the moving body 2 is a body that moves at high speed
such as, for example, an automobile. This is advantageous
in reducing occurrence of defects such as emergency stop of
the moving body 2 being too late. The speed of determination
by the determination mechanism 13 can be set high relative
to the moving speed of the moving body 2. Accordingly, it
is unnecessary to take measures such as setting the threshold
of the fullness percentage higher than necessary to avoid
collision of the moving body 2 with an obstacle or the like.
[0056]

In the obstacle sensing system 1 of the present
invention, the comparison mechanism 11 is not an essential
element. When the obstacle sensing system 1 includes no
comparison mechanism 11, the configuration may be such that
the data obtained in the reception part 10 is sent directly
to the determination mechanism 13. In this case, the data
on the sensing region S set in advance in the sensing region
setting mechanism 12 is sent to the determination mechanism
13. The determination mechanism 13 compares the data
obtained from the reception part 10 with the data on the
sensing region S and determines whether each reflected light
beam is the reflected light beam from the inside of the
sensing region S.

[0057]
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The determination mechanism 13 calculates the ratio of
the number of reflected light beams from the inside of the
sensing region S to the total number of lase light beams
emitted from the transmission part 9 as the fullness
percentage. The determination mechanism 13 determines that
an obstacle is absent and the traveling is safe when the
fullness percentage is equal to or more than a predetermined
threshold and determines that an obstacle is present when
the fullness percentage is smaller than the threshold.
[0058]

In the obstacle sensing system 1 of the present
invention, the configuration in which the determination
mechanism 13 calculates the fullness percentage is not an
essential element. In this case, the configuration may be
such that the determination mechanism 13 determines that an
obstacle is absent when the number of reflected light beams
from the inside of the sensing region S per unit time 1is
equal to or more than a predetermined threshold such as, for
example, 2000 and determines that an obstacle 1is present
when the number of reflected light beams is smaller than
this threshold.

[0059]

The control mechanism 15 in the obstacle sensing system
1 of the present invention is not an essential element. When
the moving body 2 is the gantry crane, the configuration may
be such that the determination result of the determination
mechanism 13 is displayed on a display or the 1like and
notified to the crane operator. Moreover, the configuration
may be such that, when the determination mechanism 13

determines that an obstacle is present, a warning sound or
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the like is given to alert the crane operator.
[0060]

When the obstacle sensing system 1 includes the control
mechanism 15, it is possible to not only inform the crane
operator but also to perform control of automatically
decelerating or stopping the gantry crane. The
configuration may be such that the control mechanism 15
automatically controls deceleration, stopping, and the like
of the gantry crane in automatic traveling thereof.

[0061]

Moreover, the control mechanism 15 may be configured
to control a deceleration amount of the moving body 2
depending on the value of the fullness percentage. For
example, the control mechanism 15 may control the
deceleration amount such that the smaller the fullness
percentage is, the greater the deceleration amount is. The
higher the fullness percentage is, the higher the degree of
safety is and the lower the fullness percentage is, the lower
the degree of safety is. Accordingly, the moving speed of
the moving body 2 is low when the degree of safety is low.
In a poor visibility condition such as heavy rain, although
the moving speed of the moving body 2 becomes low, the moving
body 2 is allowed to travel.

[0062]

As illustrated in Fig. 6, the sensing region setting
mechanism 12 may be configured to set multiple sensing
regions S. In the embodiment of Fig. 6, two sensing regions
S are set which are a sensing region S1 set near the moving
body 2 along the moving direction y of the moving body 2 and

a sensing region S2 set far from the moving body 2. In this
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embodiment, both of the sensing regions S1, S2 are formed in
rectangular shapes parallel to the moving direction y and
the up-down direction z. Moreover, the sensing regions S1,
S2 are set at such positions that the regions S1, S2 do not
overlap each other.

[0063]

The control mechanism 15 may be configured to perform
different controls respectively for the two sensing regions
S1, S2. It is possible to set the threshold of the fullness
percentage in each region to, for example, 90% and cause the
control mechanism 15 to perform control of decelerating the
moving body 2 when the fullness percentage falls below the
threshold in the sensing region S2 on the far side and
perform control of stopping the moving body 2 when the
fullness percentage falls below the threshold in the sensing
region S1 on the near side.

[0064]

Different thresholds can be set respectively for the
two sensing regions S1, S2. For example, it is possible to
set the threshold in the sensing region S1 on the near side
to 90% and set the threshold in the sensing region S2 on the
far side to 70%. The control mechanism 15 can be configured
to perform control of decelerating the moving body 2 when
the fullness percentage falls below the threshold in the
sensing region S2 on the far side and perform control of
decelerating the moving body 2 when the fullness percentage
falls below the threshold in the sensing region S1 on the
near side. Since the threshold in the sensing region S1 on
the near side is set higher than the threshold in the sensing

region S2 on the far side, the closer the moving body 2 is
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to an obstacle, the more 1likely the moving body 2 is
decelerated.
[0065]

The different control contents and different
thresholds can be set respectively for the two sensing
regions S1, S2. For example, the control mechanism 15 can
perform control of decelerating the moving body 2 when the
fullness percentage falls below 70% in the sensing region S2
on the far side and perform control of brining the moving
body 2 to emergency stop when the fullness percentage falls
below 90% in the sensing region S1 on the near side.

[0066]

The control mechanism 15 can be configured to control
an upper limit value of the moving speed of the moving body
2 depending on the value of the fullness percentage in the
sensing region S2 on the far side. For example, the upper
limit wvalue of the moving speed can be proportional to the
value of the fullness percentage. In this case, the smaller
the fullness percentage is, the smaller the upper limit value
of the moving speed of the moving body 2 is. Accordingly,
it is possible to decelerate the moving body 2 as the moving
body 2 comes closer to an obstacle.

[0067]

The number of sensing regions S is not limited to that
described above. Three or more regions set at positions
where the regions do not overlap one another may be set as
the sensing region S. Multiple regions set at positions
where the regions partially overlap one another may be set
as the sensing region S.

[0068]
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Moreover, the threshold of the fullness percentage and
the control performed when the threshold falls below the
threshold can be set for each of the multiple sensing regions
S. Alternatively, the setting may be such that no threshold
is set and control of changing each of the moving speed and
the deceleration amount of the moving body 2 proportional to
or 1inverse proportional to the fullness percentage 1is
performed.

[0069]

As illustrated in Fig. 7, the sensing region setting
mechanism 12 may be configured to set a trapezoidal sensing
region S. In this embodiment, the length of the short side
18b located far from the moving body 2 and extending in the
up-down direction z 1s set greater than the length of the
short side 18a located near the moving body 2 and extending
in the up-down direction z.

[0070]

In the case where the gantry crane includes rubber
tires or in similar cases, the moving body 2 sometimes rises
or sinks in the moving direction y due to reasons such as
the center of gravity of a loaded container not being located
at the center. The moving body 2 rises or sinks means, a
front portion of the moving body 2 is higher or lower than
the rear portion. When the moving body 2 rises or sinks,
the tilt and position of the transmission part 9 with respect
to the travel surface 8 changes. Since the position of the
sensing region S relative to the transmission part 9 is fixed,
the position of the sensing region S changes with the tilting
of the transmission part 9 and the like.

[0071]
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Setting the trapezoidal sensing region S allows the
obstacle sensing system 1 to maintain a state where the
reference line 16 formed on the travel surface 8 is inside
the sensing region S even if the moving body 2 rises or
sinks. When the reference line 16 is located outside the
sensing region S, the obstacle sensing system 1 determines
that an obstacle is present even though an obstacle is absent.
The accuracy in the determination of presence or absence of
an obstacle can be improved also when the moving body 2 rises
or sinks. In Fig. 7, the range of the sensing region S and
the position of the transmission part 9 and the like in the
case where no rising or sinking of the moving body 2 is
occurring are illustrated by one-dot <chain lines for
description.

[0072]

Note that, when the travel surface 8 is tilted as whole,
the moving body 2 is tilted together with the travel surface
8. Accordingly, even 1f the sensing region S has a
rectangular shape, the reference line 16 1is located inside
the sensing region S. When the moving body 2 1is an
automobile or the like that is less likely to rise and sink,
the presence or absence of an obstacle can be accurately
determined even if the sensing region S is set to have a
rectangular shape.

[0073]

When unevenness of the travel surface 8 in the up-down
direction z is relatively large, forming the sensing region
S to have a trapezoidal shape makes it easier to maintain a
state where the reference line 16 is inside the sensing

region S even if the moving body 2 wvibrates by moving.

27



Moreover, setting the short sides 18a, 18b to have relatively
large lengths makes it easier to maintain a state where the
reference line 16 is inside the sensing region S even if the
sensing region S is set to have a rectangular shape.

[0074]

Meanwhile, when the travel surface 8 has almost no
unevenness, the short sides 18a, 18b of the sensing region
S can be set to have relatively small lengths. Setting the
lengths of the short sides 18a, 18b in a range of, for
example, plus and minus 30 mm from the reference line 16 in
the up-down direction z allows the obstacle sensing system
1 to sense an obstacle whose length in the up-down direction
z 1s greater than 30 mm. This is advantageous in the case
where a relatively small obstacle needs to be sensed.

[0075]

Although the sensing region S 1is set to have an
isosceles trapezoid shape in which the paired long sides 17a,
17b have the same length in the embodiment, the sensing
region S is not limited to this. For example, when the front
portion of the moving body 2 sinks in some cases but never
rises, the sensing region S can be set to a trapezoidal shape
in which the upper long side 17a 1is longer than the lower
long side 17b.

[0076]

As in the embodiment illustrated in Fig. 6, the
configuration may be such that the trapezoidal sensing region
S is set to be divided into multiple regions.

[0077]
As illustrated in Fig. 8, the direction of scanning

with the laser light beams by each transmission part 9 can
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be set to a direction extending along the moving direction
y while being tilted toward the transverse direction x. In
this case, the reference line 16 is tilted at a predetermined
angle o toward the transverse direction x with respect to
the moving direction y. In the embodiment, the reference
lines 16 are tilted to extend from the left and right leg
members 4 of the gantry crane toward the inner side.

[0078]

In this configuration, the obstacle sensing system 1
can sense a worker or the like when the worker is to be
inside the paired traveling devices 3 located on the opposite
sides in the transverse direction x. Specifically, the
obstacle sensing system 1 can sense an obstacle in directions
other than the direction parallel to the moving direction y
with the sensing range increased in the transverse direction
X.

[0079]

When the gantry crane that is the moving body 2 travels
in the reverse direction, the transmission parts 9 and the
like on the front side in the moving direction y emit laser
light beams and the reference lines 16 are formed in front
of the moving body 2 in the traveling direction thereof.
[0080]

As illustrated in Fig. 9, the configuration may be such
that one leg member 4 includes multiple transmission parts
9 and multiple reception parts 10. Employing the
configuration in which multiple transmission parts 9 and
multiple reception parts 10 are installed on one leg member
4 can appropriately increase the range in which an obstacle

can be sensed.
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[0081]

In this case, for example, the configuration may be
such that one set of the transmission part 9 and the like
senses safety 1in the direction parallel to the moving
direction y and the other set of the transmission part 9 and
the like senses safety in the direction tilted toward the
transverse direction x as illustrated in Fig. 8. In the
embodiment of Fig. 9, two sets of the transmission part 9
and the like are installed on the leg member 4 at an interval
in the up-down direction =z.

[0082]

As illustrated in Fig. 10, the reference line 16 can
be set parallel to the transverse direction x. It 1is
possible to install two sets of the transmission part 9 and
the like on one leg member 4 and set multiple reference lines
16 at different positions in the moving direction vy. In
this case, each sensing region S is a quadrilateral region
formed on a plane extending in the transverse direction x
and the up-down direction z. This 1is advantageous 1in
increasing the range in which an obstacle can be sensed in

the transverse direction x.

[0083]

The moving body 2 travels while checking multiple
reference lines 16. In this embodiment, the moving body 2
travels while checking four reference lines 16. When a

portion of any of the reference lines 16 is, for example,
missing and cannot be recognized, the obstacle sensing system
1 determines that the degree of safety of an area in front
of the moving body 2 is low and can perform control of, for

example, decelerating the moving body 2.
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[0084]

As illustrated in Fig. 11, the configuration may be
such that the obstacle sensing system 1 is applied to the
hoisting tool 7 of a gantry crane or a quay crane. In this
case, the transmission part 9 and the like are installed in
the hoisting tool 7. A container yard in which the gantry
crane or the like loads and unloads containers is provided
with a higher-level system that accurately grasps the
positions and heights of the stored containers.

[0085]

The obstacle sensing system 1 can grasp a status of
stacked-up containers based on information of the higher-
level system, and the sensing region setting mechanism 12
can thus set the sensing region S along side surfaces and
top surfaces of the stacked-up containers. The reference
line 16 formed of the side surfaces and top surfaces of the
containers is formed inside the sensing region S. In this
embodiment, the scanning with the laser light beams can be
performed with the tilt 6n of the traveling direction of the
laser light beams with respect to the up-down direction =z
set within a range of 0 degrees or more and 120 degrees or
less.

[0086]

When a container that should not be placed on the
reference line 16 is placed on the reference line 16, the
value of the fullness percentage is small. In this case,
the control mechanism 15 or the like can stop the hoisting
tool 7 or reduce the moving speed of the hoisting tool 7.
Moreover, the value of the fullness percentage is small when

the worker is present on the reference line 16. Accordingly,
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the stopping of the hoisting tool 7 or the like can be
performed.
[0087]

The obstacle sensing system 1 may be configured to be
applied to the trolley 6 as described above. 1In this case,
the transmission part 9 and the like are installed on a lower
surface of the trolley 6.

[0088]

The directions in which the reference lines 16 are
formed, the shapes and numbers of the sensing regions S, and
the like in the aforementioned embodiments can be used in an
appropriate combination.

[0089]

The obstacle sensing system 1 is not limited to use in
the gantry crane, the quay crane, and the like and can be
used when the reference line 16 that is a collection of the
reflection positions Pn from which the reflected light beams
are obtained when an obstacle is absent has a known shape.
For example, the obstacle sensing system 1 can be installed
in a chassis or an automobile that travels along the travel
surface 8. Moreover, the obstacle sensing system 1 can be
installed in the hoisting tool 7 in which the obstacle
sensing system 1 can know the shape of the reference line 16
from the higher-level system. Employing the obstacle
sensing system 1 can improve safety in automatic driving of
the moving body 2.

EXPLANATION OF REFERENCE NUMERALS
[0090]
1 obstacle sensing system

2 moving body
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CLAIMS

[Claim 1] An obstacle sensing system including a
transmission part that is installed in a moving body and
that emits laser light beams while changing an emission angle
and a reception part that receives reflected light beams of
the laser light beams, characterized in that the obstacle
sensing system comprises:

a sensing region setting mechanism that sets a sensing
region in advance in a region around reflection positions
where the laser light beams are reflected when an obstacle
is absent; and

a determination mechanism that determines whether an
obstacle 1s present or absent depending on the reflected

light beams reflected inside the sensing region.

[Claim 2] The obstacle sensing system according to claim
1, characterized in that the determination mechanism has a
configuration that calculates a fullness percentage which is
a ratio of the number of the reflected light beams reflected
inside the sensing region to a total number of laser light
beams emitted from the transmission part, determines that an
obstacle is absent when the fullness percentage is equal to
or more than a predetermined threshold, and determines that
an obstacle 1is present when the fullness percentage 1is

smaller than the threshold.

[Claim 3] The obstacle sensing system according to claim
1, characterized in that
the obstacle sensing system comprises a comparison

mechanism that sends ON signals to the determination
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mechanism when the reflection positions where the laser light
beams are reflected are inside the sensing region and sends
OFF signals to the determination mechanism when the
reflection positions where the laser 1light Dbeams are
reflected are outside the sensing region, and

the determination mechanism has a configuration that
calculates a fullness percentage which is a ratio of the
number of the ON signals to a total number of the ON signals
and the OFF signals obtained from the comparison mechanism,
determines that an obstacle 1is absent when the fullness
percentage is equal to or more than a predetermined threshold,
and determines that an obstacle is present when the fullness

percentage is smaller than the threshold.

[Claim 4] The obstacle sensing system according to any one
of claims 1 to 3, characterized in that the transmission
part has a configuration that steers the laser light beams
along a moving direction of the moving body to scan a range
extending from the side near the moving body to the side far

from the moving body.

[Claim 5] The obstacle sensing system according to any one
of claims 1 to 4, characterized in that the sensing region
is a quadrilateral region surrounded by paired long sides
that extend in a direction along a moving direction of the
moving body and that are set above and below the reflection
positions where the laser light beams are reflected when an
obstacle is absent and paired short sides that extend in an
up-down direction and that connect end portions of the paired

long sides facing one another.
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[Claim 6] The obstacle sensing system according to claim
5, characterized in that the sensing region is a trapezoidal
region in which the short side located far from the moving
body is longer than the short side located near the moving

body.

[Claim 7] The obstacle sensing system according to any one
of claims 1 to 6, characterized in that the sensing region
setting mechanism has a configuration that sets a plurality

of the sensing regions.

[Claim 8] An obstacle sensing method including emitting
laser light beams from a transmission part installed in a
moving body while changing an emission angle and receiving
reflected light beams of the laser 1light beams with a
reception part to sense presence or absence of an obstacle,
characterized in that the obstacle sensing method comprises:

setting a sensing region in advance in a region around
reflection positions where the laser 1light Dbeams are
reflected when an obstacle is absent; and

causing a determination mechanism to determine whether
an obstacle is present or absent depending on the reflected

light beams reflected inside the sensing region.

[Claim 9] The obstacle sensing method according to claim
8, characterized 1in that the determination mechanism
calculates a fullness percentage which is a ratio of the
number of the reflected light beams reflected inside the

sensing region to a total number of laser light beams emitted
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from the transmission part, determines that an obstacle is
absent when the fullness percentage is equal to or more than
a predetermined threshold, and determines that an obstacle
is present when the fullness percentage is smaller than the

threshold.

[Claim 10] The obstacle sensing method according to claim
8, characterized in that

the obstacle sensing method comprises arranging a
comparison mechanism between the reception part and the
determination mechanism and sending ON signals from the
comparison mechanism to the determination mechanism when the
reflection positions where the laser 1light Dbeams are
reflected are inside the sensing region and sending OFF
signals from the comparison mechanism to the determination
mechanism when the reflection positions where the laser light
beams are reflected are outside the sensing region, and

the determination mechanism calculates a fullness
percentage which is a ratio of the number of the ON signals
to a total number of the ON signals and the OFF signals
obtained from the comparison mechanism, determines that an
obstacle is absent when the fullness percentage is equal to
or more than a predetermined threshold, and determines that
an obstacle 1is present when the fullness percentage 1is

smaller than the threshold.

[Claim 11] The obstacle sensing method according to any one
of claims 8 to 10, characterized in that the transmission
part steers the laser light beams along a moving direction

of the moving body to scan a range extending from the side
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near the moving body to the side far from the moving body.

[Claim 12] The obstacle sensing method according to any one
of claims 8 to 11, characterized in that, in the setting of
the sensing region, the sensing region is a quadrilateral
region surrounded by paired long sides that extend in a
direction along a moving direction of the moving body and
that are set above and below the reflection positions where
the laser 1light beams are reflected when an obstacle is
absent and paired short sides that extend in an up-down
direction and that connect end portions of the paired long

sides facing one another.

[Claim 13] The obstacle sensing method according to claim
12, characterized in that the sensing region is set to a
trapezoidal region in which the short side located far from
the moving body is longer than the short side located near

the moving body.

[Claim 14] The obstacle sensing method according to any one

of claims 8 to 13, characterized in that a plurality of the

sensing regions are set.
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