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DESCRIPTION

[0001] The present invention relates to an article transport vehicle for use in an article
transport facility in which a plurality of article transport vehicles traveled along a track so as to
transport articles.

[0002] Article transport vehicles that automatically transport articles are used in article
transport facilities at production sites, article warehouses, and the like. In the article transport
facility illustrated in JP 2007-213495A, a plurality of article transport vehicles travel along a
track. In this article transport facility, a sensor for detecting the positions of the article transport
vehicles on the track, a sensor for detecting the inter-vehicle distance between the article
transport vehicles, and the like are used. The plurality of article transport vehicles are
controlled such that the article transport vehicles will not collide with each other, based on their
positions on the track and the inter-vehicle distance.

[0003] The document US 2004/0056182 A1 discloses an obstacle detection system on-board
a railway vehicle using a laser scanning module.

[0004] Meanwhile, for such an article transport facility, there is the possibility that an operator
or an obstacle enters the movement region of the article transport vehicles, and comes into
contact with the article transport vehicles. For this reason, each article transport vehicle may
be further provided with an obstacle sensor. In this case, however, there is the possibility that a
preceding article transport vehicle on the track is detected by the obstacle sensor mounted on
the following article transport vehicle, thus limiting the travel of the following article transport
vehicle. That is, such excessive detection by the obstacle sensor may reduce the operating
efficiency of the facility even when the travel of the article transport vehicles is efficiently
controlled according to the positions of the article transport vehicles and the inter-vehicle
distance thereof.

[0005] In view of the foregoing circumstances, there is a need to provide a technique by which,
in an article transport facility in which a plurality of article transport vehicles travel along a track
so as to transport articles, it is possible to appropriately detect an obstacle that may possibly
come into contact with the plurality of article transport vehicles, without hindering the smooth
travel of the article transport vehicles.

[0006] According to an aspect, an article transport vehicle for use in an article transport facility
in which a plurality of article transport vehicles travel along a track so as to transport articles,
includes an obstacle sensor having a detection area that includes at least a width of own
vehicle in a width direction extending along a horizontal plane and orthogonal to an advancing
direction of the own vehicle and that expands in the advancing direction. The article transport
vehicle controls travel of the own vehicle, based on a front inter-object distance corresponding
to own-vehicle position information indicating a position on the track of the own vehicle and
front object position information indicating a position on the track of a front object that is
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located in front of the own vehicle and whose position on the track is specified, and sets a
length of the detection area along the advancing direction of the obstacle sensor to be variable
according to the front inter-object distance such that the length is less than the front inter-
object distance.

[0007] With this configuration, the obstacle sensor has a detection area that includes at least
the width of the article transport vehicle and that expands in the advancing direction.
Accordingly, it is possible to appropriately detect an obstacle that is present in the advancing
direction of the article transport vehicle and that may possibly come into contact with the article
transport vehicle when the article transport vehicle advances. Since the detection area is set to
be less than the front inter-object distance, it is possible to reduce the possibility of erroneously
detecting, as an obstacle, a front object whose position on the track is specified, such as a
blocking device blocking the track in front of the own vehicle and another vehicle traveling in
front of the own vehicle. In the case where the own vehicle is traveling, even when the position
on the track of the front object is specified such as in the case of the blocking device, the front
inter-object distance with the blocking device naturally varies. Since the state of travel
(traveling or stopped) and the traveling speed of each of the vehicles, including the own vehicle
and another vehicle are not always the same, the front inter-object distance with the other
vehicle also varies. The detection area is set to be variable according to the front inter-object
distance. Accordingly, even when the front inter-object distance varies, the detection area
follows the variation so as to be less than the front inter-object distance. Therefore, it is
possible to reduce the possibility of erroneously detecting, as an obstacle, a front object,
including, for example, a blocking device blocking the track in front of the own vehicle and
another vehicle traveling in front of the own vehicle. Thus, the present configuration makes it
possible to appropriately detect an obstacle that may possibly come into contact with a plurality
of article transport vehicles, without hindering the smooth travel of the article transport
vehicles.

[0008] Further features and advantages will become apparent from the following description of
embodiments of the article transport vehicle with reference to the drawings.

FIG. 1
is a plan view of an article transport facility.
FIG. 2
is a schematic plan view showing an example of an endless track.
FIG. 3
is a schematic plan view showing an example of an ended track.
FIG. 4
is a block diagram schematically showing a configuration of the article transport facility.
FIG. 5
is an explanatory diagram schematically showing a position detection principle of an
article transport vehicle.
FIG. 6
is an explanatory diagram schematically showing a relationship between an absolute
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position and an absolute coordinate.
FIG. 7

is an explanatory diagram showing an example of a detection area.
FIG. 8

is an explanatory diagram showing an example of a detection area.
FIG. 9

is an explanatory diagram showing an example of a detection area.
FIG. 10

is an explanatory diagram showing an example of a detection area.
FIG. 11

is a plan view showing an example of another configuration of the article transport

facility.

[0009] Hereinafter, an embodiment of the article transport vehicle will be described with
reference to the drawings. FIG. 1 shows an example of an article transport facility 100 in which
a plurality of article transport vehicles 3 travel along a track K so as to transport articles B.
Each article transport vehicle 3 travels on the track K installed via a plurality of stations 10
(article transfer locations) so as to transport the articles B between the stations 10. In the
present embodiment, the track K has linear sections L and curved sections R. In the present
embodiment, the track K is formed by a pair of traveling rails 2 serving as a traveling path that
are disposed on the floor surface. The stations 10 are provided on opposite sides of the
traveling rail pair in a width direction S in each linear section L so as to be spaced apart along
an extension direction T of the traveling rails 2 (width direction S: direction orthogonal to the
extension direction T along a horizontal plane). Note that the track K may also be a magnetic
tape or the like that is attached to or embedded in the floor, for example. Alternatively, rails
may be laid on the ceiling, and the article transport vehicle 3 may be a ceiling guided vehicle.

[0010] The track K may be an endless track that is formed in an annular shape with no end as
shown in FIG. 2, or may be an ended track with defined opposite ends as shown in FIG. 3.
When the track Kis an ended track, the article transport vehicle 3 reciprocally travels along the
track K so as to transport the articles B between the plurality of stations 10. When the track Kiis
an endless track, the article transport vehicle 3 may travel only in one direction, or may
reciprocally travel.

[0011] The stations 10 include a plurality of stations, including, for example, a retrieval station
provided with a retrieval conveyor that transports the article B retrieved from an article storage
rack (not shown), a storage station provided with a storage conveyor that transports the article
B that is to be stored in the article storage rack, an incoming station provided with an incoming
conveyor that transports the article B transported from the outside, and an outgoing station
provided with an outgoing conveyor that transports the article B to the outside. For example,
one of the plurality of stations 10 serves as a transport source, and another one of the stations
10 serves as a transport destination. When the article transport vehicle 3 moves toward a
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transport source, the transport source is a target traveling position of the article transport
vehicle 3. When the article transport vehicle 3 moves toward a transport destination, the
transport destination is a target traveling position of the article transport vehicle 3.

[0012] As shown in FIG. 4, the article transport vehicle 3 includes a transfer device (TRNSF)
34 such as a roller conveyor that transfers the article B between the own vehicle and the
stations 10, and a plurality of wheels (VWH) 35 that travel on the traveling rails 2. The transfer
device 34 is driven by a transferring driving portion (TRNSF-DRV) 36. The transferring driving
portion 36 includes, for example, an actuator such as a motor that drives a roller conveyor, and
a driving circuit including an inverter circuit that drives the actuator. The wheels 35 include a
driving wheel and a following wheel, and the driving wheel is driven by a traveling driving
portion (TRVL-DRV) 37. The traveling driving portion 37 includes, for example, a traveling
motor that supplies rotational force to the wheel 35, and a driving circuit including an inverter
circuit that drives the traveling motor.

[0013] The article transport vehicle 3 further includes a transport vehicle control portion (VHL-
CTRL) 5, a position detection device (POS-DET) 7, an obstacle sensor (OBJ-SEN) 8, a
communication control portion (COM-CTRL) 9, and a communication antenna 91. In
accordance with an instruction from a management apparatus (M-CTRL) 1 described below,
the transport vehicle control portion 5 causes the article transport vehicle 3 to travel at least
from the transport source of the transport destination of the article B so as to transfer the
article B at the transport source and the transport destination. That is, the transport vehicle
control portion 5 drives the wheels 35 via the traveling driving portion 37, and also drives the
transfer device 34 via the transferring driving portion 36. The position detection device 7
detects the position of each of the article transport vehicles 3 on the track K. As will be
described below with reference to FIGS. 5 and 6, the position detection device 7 detects an
absolute position P of the track K, and detects an absolute coordinate Q of the article transport
vehicle 3 on the track K.

[0014] The communication control portion 9 and the communication antenna 91 provide
position information (position information of the article transport vehicle 3, own-vehicle position
information) including the information of the above-described absolute coordinate Q to another
article transport vehicle 3 (another vehicle) and a management apparatus 1 via a network 50.
The communication control portion 9 and the communication antenna 91 are capable of
wireless communication (e.g., wireless LAN), and the network 50 is a wireless network. Note
that the network 50 may have a configuration in which a plurality of different networks are
connected to each other. For example, the network 50 may be configured by a wireless
network and a wired network connected that are to each other. In addition, the article transport
vehicles 3 are capable of directly communicating with each other via the network 50, and each
article transport vehicle 3 acquires position information (another-vehicle position information)
indicating the position (another-vehicle absolute coordinate Qp) of another vehicle by
communicating with the other vehicle. As will be described below with reference to FIG. 7,
based on the another-vehicle position information of another vehicle preceding the own
vehicle, and the own-vehicle position information indicating the position of the own vehicle
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(own-vehicle absolute coordinate Qf), each article transport vehicle 3 can calculate the inter-
vehicle distance (front inter-vehicle distance VD) between the other vehicle and the own
vehicle. Note that the other vehicle is an example of a front object described below with
reference to FIG. 11, and the another-vehicle position information is an example of a front
object position information described below, and the front inter-vehicle distance VD is an
example of a front inter-object distance FD described below.

[0015] Here, a communication configuration in a so-called infrastructure mode in which the
article transport vehicles 3 directly acquire each other's position information via the network 50
is illustrated. However, it is also possible to adopt a communication configuration in a so-called
ad hoc mode in which the article transport vehicles 3 directly communicate with each other
without using the network 50. Note that the another-vehicle position information is not limited to
a configuration in which it is directly acquired from another vehicle, and the another-vehicle
position information may be indirectly acquired via another apparatus connected to the network
50. Another apparatus may be, for example, the management apparatus 1 or a location
controller (position management apparatus), which is not shown. The management apparatus
1 or the location controller may calculate the front inter-vehicle distance VD of each of the
article transport vehicles 3, and provide the front inter-vehicle distance VD to the article
transport vehicle 3. However, when information is provided via the other apparatuses, there will
be time differences in acquisition of the another-vehicle absolute coordinate Qp and the front
inter-vehicle distance VD, resulting in a reduced degree of freshness of the information.
Accordingly, it is preferable that, in each of the infrastructure mode and the ad hoc mode, the
another-vehicle position information including the another-vehicle absolute coordinate Qp is
directly provided from another vehicle, and the front inter-vehicle distance VD is calculated in
the own vehicle.

[0016] As shown in FIG. 4, the article transport facility 100 includes a management apparatus
1 that controls the operation of each of the article transport vehicles 3, based on the position
information detected by the position detection device 7. The management apparatus 1
acquires the position information of the plurality of article transport vehicles 3 via the network
50, and manages the operation of each of the article transport vehicles 3, based on the
position at which each of the article transport vehicles 3 is present.

[0017] Based on the position information of each of the article transport vehicles 3, the
management apparatus 1 designates, for example, the article transport vehicle 3 that is
located close to the transport source, and gives the article transport vehicle 3 a transport
instruction to transport the article B. The article transport vehicle 3 that has received the
transport instruction performs the transfer and the transport of the article B under autonomous
control mainly achieved by the transport vehicle control portion 5. That is, based on the
transport instruction, the transport vehicle control portion 5 controls the traveling driving portion
37 and the transferring driving portion 36 so as to cause the article transport vehicle 3 to
perform transfer and transport of the article B. Note that to enable the autonomous control, the
article transport vehicle 3 may be further provided with, for example, various types of sensors
such as a load presence sensor (not shown) for detecting the presence of the article B on the
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transfer device 34.

[0018] A plurality of article transport vehicles 3 are disposed on the track K, and it is necessary
for the transport vehicle control portion 5 to know the positions of the own vehicle and the other
vehicles in order to appropriately perform autonomous travel. As described above, each of the
article transport vehicles 3 includes the position detection device 7, and the position detection
device 7 detects the absolute coordinate Q of each of the article transport vehicles 3 on the
track K, based on an index 20 provided along the track K. As shown in FIG. 5, the indices 20
indicating absolute positions on the track K are provided at a plurality of locations on the track
K. FIG. 5 illustrates a configuration in which a plurality of indices 20 using a two-dimensional
bar code are disposed side by side along the track K. Of course, the configuration of the index
20 is not limited thereto, and the index 20 may be a one-dimensional bar code, a plate with
characters and numbers described thereon, or the like.

[0019] Here, the absolute position P is information specifying a position on the track K. The
absolute position P has a resolution corresponding to the provision density of the indices 20
provided at a plurality of locations. Here, the provision density is a density corresponding to the
interval at which the indices 20 are provided at least along the extension direction T of the
track K. The absolute coordinate Q is information of the position (the coordinate on the track K)
of the article transport vehicle 3 present on the track K. Although the absolute coordinate Q is
prescribed based on the above-described absolute position P, theoretically, no limit is set for
the resolution. However, practically, the performance (e.g., the resolution for detecting the
index 20) of the position detection device 7 has a limit. Accordingly, the resolution of the
absolute coordinate Q is determined according to the performance of the position detection
device 7. Here, the performance of the position detection device in the present embodiment
refers to, for example, the resolution of a camera 73 described below, or the resolution of an
image captured by the camera 73. The absolute coordinate Q is information having a
resolution that is higher than at least the resolution of the absolute position P.

[0020] As shown in FIG. 4, the position detection device 7 includes a camera (CAM) 73 that
captures an image of the index 20 and an image processing portion (IMG-P) 71. The image
processing portion 71 recognizes the information of the absolute position P indicated in the
index 20 based on an image captured by the camera 73, and detects the absolute coordinate
Q of the article transport vehicle 3. As shown in FIG. 5, the size and the placement position of
each of the indices 20 are set such that six indices 20 can be fitted in a captured image (image
capturing region A) of the camera 73, for example. The image processing portion 71 performs
image processing on the two-dimensional bar code included in the captured image of the
camera 73, thereby recognizing the information of the absolute positions indicated in the
indices 20 of the two-dimensional bar codes. The same also applies to cases where the index
20 uses a one-dimensional bar code, or characters and numbers. For example, in the case
where the index 20 uses characters and numbers, the information of the absolute position may
be recognized by performing character recognition (OCR: Optical Character Recognition).

[0021] The position detection device 7 can calculate the relationship between the position of
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the camera 73 and the absolute position indicated in the index 20 from the relationship
between the position of the camera 73 in a so-called world coordinate system (actual three-
dimensional coordinate system) and the camera coordinate system projected onto a captured
image of the camera 73. That is, the position detection device 7 can calculate the absolute
coordinate of the camera 73 (here, an origin of the camera coordinate system) from the
relationship with the absolute position by assigning the absolute position indicated in the index
20 to the coordinates of the camera coordinate system in the captured image. As shown in
FIG. 5, the absolute coordinate can be determined as a coordinate of the three-dimensional
Cartesian coordinate system having an X axis, a Y axis, and a Z axis.

[0022] However, the indices 20 are disposed at positions prescribed relative to the traveling
rails 2, and the article transport vehicle 3 on which the camera 73 is mounted also travels on
the traveling rails 2. Accordingly, the Y axis and the Z axis are practically substantially fixed,
and the index 20 here may be considered as a one-dimensional coordinate. Of course, the
coordinates of the Y axis and the Z axis may also vary depending on the individual differences,
distortion, and aging of the traveling rails 2 and the wheels 35, the displacement of the article
transport vehicle 3 in the up-down direction occurring depending on whether or not the article
B is mounted on the article transport vehicle 3, the error in the position of attachment of the
index 20 to the traveling rails 2, and the like. In such cases, it is, of course, preferable that the
coordinates of the Y axis and the Z axis are corrected based on a result of image recognition.

[0023] FIG. 6 illustrates a concept for determining the absolute position P on the track K that is
indicated in the index 20 and the absolute coordinate Q of the article transport vehicle 3
(camera 73), only for the X axis as a representative. For example, when the image capturing
region A is a first image capturing region A1 shown in FIG. 5, a first absolute coordinate Q1 is
derived based on a first absolute position P1 and a second absolute position P2 as shown in
FIG. 6. When the image capturing region A is a second image capturing region A2 shown in
FIG. 5, a second absolute coordinate Q2 is derived based on a third absolute position P3 and
a fourth absolute position P4 as shown in FIG. 6. The management apparatus 1 manages the
operation by outputting a transport instruction such that the article transport vehicles 3 will not
collide with each other on the track K. Each of the article transport vehicles 3 travels while
controlling the traveling speed and the acceleration of the own vehicle, based on the front
inter-vehicle distance VD with another vehicle preceding the own vehicle. Note that the
acceleration includes a negative acceleration during deceleration.

[0024] Note that, as another aspect, the index 20 may be an IC tag that utilizes a short-
distance wireless communication IC chip. It is preferable that the IC tag as the index 20 is
provided, for example, on the traveling rails 2 (at a location that does not come into contact
with the wheels 35, such as a side surface of the traveling rails 2). In this case, the sensor for
detecting the index 20 is an IC tag reader.

[0025] In this manner, the plurality of article transport vehicles 3 are controlled based on the
absolute coordinate Q on the track K and the front inter-vehicle distance VD such that the
article transport vehicles 3 will not collide with each other. However, in such an article transport
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facility 100, an operator or an obstacle may enter a location on the track K in the advancing
direction of the article transport vehicles 3, thus coming into contact with the article transport
vehicles 3. Accordingly, each article transport vehicle 3 is provided with an obstacle sensor 8
as shown in FIG. 4. The obstacle sensor 8 may be, for example, a scanning range sensor,
which scans infrared radiation, laser or the like to detect whether or not an object is present in
a preset measurement range (a detection area E described below with reference to FIGS. 7 to
9).

[0026] Upon detection of the presence of an object (obstacle) in the set detection area E, the
obstacle sensor 8 outputs an obstacle detection signal. The transport vehicle control portion 5,
which controls the travel of the article transport vehicle 3, controls the traveling driving portion
37 in accordance with the obstacle detection signal so as to reduce the traveling speed of the
article transport vehicle 3 or to stop the article transport vehicle 3. For example, the obstacle
sensor 8 can set a plurality of detection areas E, and also can output obstacle detection signals
separately from each other. The plurality of detection areas E may entirely or partially overlap.
If an object is present in an overlapping region, a plurality of obstacle detection signals are
valid. If an object is present in a non-overlapping region, an obstacle detection signal
corresponding to the detection area E including that region is output.

[0027] FIGS. 7 to 9 illustrate the detection areas E, showing configurations in each of which
three detection areas E can be set. Three detection areas E, namely, E1, E2, and E3 can be
set in FIG. 7, three detection areas E, namely, EL, EF, and ER can be set in FIG. 8, and three
detection areas E, namely, ER1, ER2, and ER3 can be set in FIG. 9. The details of the
detection areas E will be described later. The obstacle sensor 8 is provided on the front
surface of the article transport vehicle 3 (on the front side in the advancing direction). VWhen
the article transport vehicle 3 travels only in one direction, the obstacle sensor 8 may be
provided only on the side of the one direction. When the article transport vehicle 3 travels
bidirectionally, it is preferable that the obstacle sensor 8 is provided on the sides of the both
directions. In either case, the detection area E is set on the side of the advancing direction of
the article transport vehicle 3. That is, the obstacle sensor 8 has a detection area E that
includes at least the width of the own vehicle in a width direction S extending along a horizontal
plane and orthogonal to the advancing direction of the own vehicle and that expands in the
advancing direction (substantially equal to the extension direction T of the traveling rail 2).

[0028] Meanwhile, as described previously, each of the article transport vehicles 3 travels while
controlling the traveling speed and the acceleration of the own vehicle, based on the front
inter-vehicle distance VD with another vehicle preceding the own vehicle. That is, each of the
article transport vehicles 3 controls the travel of the own vehicle, based on the front inter-
vehicle distance VD corresponding to the own-vehicle position information including the own-
vehicle absolute coordinate Qf indicating the position on the track K of the own vehicle and the
another-vehicle position information including the another-vehicle absolute coordinate Qp
indicating the position on the track K of another vehicle traveling in front of the own vehicle.
However, there is the possibility that a preceding article transport vehicle 3 on the track K is
detected by the obstacle sensor 8 mounted on the following article transport vehicle 3, thus
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limiting the travel of the following article transport vehicle 3. In the article transport facility 100,
the operation of the article transport vehicles 3 is efficiently controlled according to the position
and the inter-vehicle distance of the article transport vehicles 3. However, the occurrence of
excessive detection of the obstacle sensor 8 may cause the article transport vehicles 3 to stop,
or make it impossible to shorten the inter-vehicle distance, thus reducing the operating
efficiency of the facility.

[0029] As described previously, the detection area E of the obstacle sensor 8 is variable, rather
than being fixed, and thus can be flexibly set. Therefore, the detection area E is set such that
the obstacle sensor 8 will not detect the preceding article transport vehicle 3 as an obstacle.
That is, the detection area E is set to be variable according to the front inter-vehicle distance
VD such that the length of the detection area E along the advancing direction of the obstacle
sensor 8 is less than the front inter-vehicle distance VD.

[0030] FIG. 7 illustrates the detection areas E that are set when the article transport vehicle 3
travels mainly in the linear section L. Three detection areas E, namely, a first detection area
E1, a second detection area E2, and a third detection area E3 are set in ascending order of the
distance to a detection target located in front of the own vehicle. The first detection area E1 is
a detection area E that includes at least the width of the own vehicle in the width direction S
and that expands in the advancing direction over a first distance DD1. The second detection
area E2 is a detection area E that includes at least the width of the own vehicle in the width
direction S and that expands in the advancing direction over a second distance DD2. The third
detection area E3 is a detection area E that includes at least the width of the own vehicle in the
width direction S and that expands in the advancing direction over a third distance DD3. As
such, each of the detection areas E expands in the advancing direction over the detection
distance DD. The detection distance DD, or in other words, the length of the detection area E
along the advancing direction of the obstacle sensor 8, is set so as to be less than the front
inter-vehicle distance VD. Note that the front inter-vehicle distance VD varies as the traveling
speeds of the preceding article transport vehicle 3 and the own vehicle change. Accordingly,
the detection distance DD is set to be variable according to the varying front inter-vehicle
distance VD. Although the length of the detection area E in the width direction S is longer than
the length thereof in the advancing direction in the illustrated example, the length in the
advancing direction may, of course, be longer than the length in the width direction S in the
case where the front inter-vehicle distance VD is long, for example.

[0031] It is preferable that the detection distance DD, and the first detection area E1 to the
third detection area E3 based on the detection distance DD are stored in the form of a table in
a parameter memory or the like mounted on the article transport vehicle 3. For example, it is
preferable that a third detection area E3 is selected such that the third distance DD3 of the
third detection area E3 is less than the front inter-vehicle distance VD, and two detection areas
E having a detection distance DD shorter than the third distance DD3 are selected in order.

[0032] Here, it is preferable that an offset distance ADD that is a difference between the
longest one of the detection distances DD of the three detection areas E and the front inter-
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vehicle distance VD is set as follows. For example, when an obstacle such as an operator or
another object is present directly behind another vehicle preceding the own vehicle, it is
preferable that the obstacle is detected by the obstacle sensor 8 of the own vehicle. However,
when the obstacle is present on the other vehicle side at a distance greater than or equal to
the third distance DD3 from the own vehicle, the obstacle cannot be detected. Here, when the
offset distance ADD is less than the length of the obstacle in a direction along the advancing
direction of the own vehicle, the obstacle that is present directly behind the preceding another
vehicle can be included within the detection area E (at least the third detection area E3).
Accordingly, it is preferable that the offset distance ADD is set according to the size of an object
assumed as a detection target of the obstacle sensor 8.

[0033] For example, it is preferable that the detection distance DD, which is the length of the
detection area E along the advancing direction, is set such that, when the length, along the
advancing direction, of an object that is included in objects J assumed as detection targets of
the obstacle sensor 8 and that has the shortest length along the advancing direction is taken
as a target object length JL, the offset distance ADD is less than the target object length JL.
Accordingly, the detection distance DD is set to be less than the front inter-vehicle distance VD
and greater than or equal to a distance that is shorter than the front inter-vehicle distance VD
by the target object length JL. Note that the objects J assumed as detection targets of the
obstacle sensor 8 may be, for example, an operator, another article transport vehicle 3 that is
being stopped on the track K owing to a failure or the like, and a fallen object. These objects do
not have position information (information corresponding to the front object position
information) on the track K.

[0034] In the foregoing, a configuration is illustrated in which a plurality of detection areas E
each including at least the width of the own vehicle and expanding in the advancing direction
are set. However, there may be cases where an obstacle may enter from the lateral side of the
track K. Examples include a case where an operator or an object traverses the track K. In this
case, it is preferable that approaching of the obstacle from the lateral side is detected before
the obstacle reaches on the track K. FIG. 8 illustrates a configuration in which the detection
areas E are also set on the lateral sides. In FIG. 8, a configuration is illustrated in which three
detection areas E, namely, a left detection area EL, a center detection area EF, and a right
detection area ER are set. Note that it is preferable that the center detection area EF is the
same as one of the first detection area E1, the second detection area E2, and the third
detection area E3 shown in FIG. 7. Although FIG. 8 illustrates the configuration in which the
detection distance DD is the same in all of the three detection areas E, namely, the left
detection area EL, the center detection area EF, and the right detection area ER, the three
detection areas EF may have detection distances DD different from each other.

[0035] The transport vehicle control portion 5 can perform control that takes the movements of
the obstacle into consideration, including, for example, decelerating the article transport vehicle
3 when an obstacle detection signal corresponding to the left detection area EL is received,
and stopping the article transport vehicle 3 when an obstacle detection signal corresponding
the center detection area EF is further received. Alternatively, when the article transport vehicle
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3 travels in the curved section R of the track K, a detection area E on the inner side may be
added to the detection targets, and a detection area E on the outer side may be excluded from
the detection targets. In traveling in the curved section R, as shown in FIG. 9, for example,
there detection areas E (here, the right detection areas ER are illustrated) corresponding to the
inner side may be set so as to have different detection distances DD as in FIG. 7.

[0036] Meanwhile, in general, the obstacle sensors 8 have individual errors in detection
accuracy. FIG. 10 illustrates a configuration in which the detection distance DD, which is the
length of the detection area E, is set taking into consideration such error in detection accuracy
of the obstacle sensor 8. An actual detection distance SS of the obstacle sensor 8 is allowed to
have an error within a predetermined reference range (prescribed error ASS) for the set
detection distance DD. That is, the actual length of the detection area E is allowed to be
shorter by a minus side-prescribed error ASS- or to be longer by a plus side-prescribed error
ASSH+, relative to the detection distance DD set for each of the obstacle sensors 8. A typical
actual detection distance SStyp is the same value as the set detection distance DD, the
maximum actual detection distance SSmax is a value obtained by adding a plus side-
prescribed error ASS+ to the set detection distance DD, and the minimum actual detection
distance SSmin is a value obtained by subtracting a minus side-prescribed error ASS- from the
set detection distance DD. The absolute values of the plus side-prescribed error ASS and the
minus side-prescribed error ASS- may be the same or different. FIG. 10 illustrates a detection
area E when the actual length of the detection area E is the maximum actual detection
distance SSmax.

[0037] When the actual detection distance SS is the maximum actual detection distance
SSmax, the obstacle sensor 8 may erroneously detect a front object as an obstacle.
Accordingly, the detection distance DD, which is the length of the detection area E along the
advancing direction, is set to be a distance shorter than the front inter-object distance FD by at
least a prescribed error ASS (plus side-prescribed error ASS+). Although the prescribed error
ASS that takes detection accuracy into consideration is illustrated here, control delay of the
obstacle sensor 8, delay in transmission form the obstacle sensor 8 to the transport vehicle
control portion 5, or the like may also be taking into consideration. That is, the prescribed error
ASS is an error of the obstacle sensor 8 that is attributed to the properties of the obstacle
sensor 8 such as detection accuracy, control delay, transmission delay.

[0038] As described previously with reference to FIG. 7, when the detection distance DD,
which is the length of the detection area E along the advancing direction, is set such that the
offset distance ADD is less than the target object length JL, it is preferable that the minus side-
prescribed error ASS- is taken into consideration. That is, it is preferable that the detection
distance DD is set so as to allow the object J to be appropriately detected as an obstacle even
when the actual detection distance SS become the shortest, i.e., the minimum actual detection
distance SSmin. Specifically, it is preferable that the detection distance DD is set such that the
maximum actual offset distance ADDmax is less than the target object length JL when the
actual detection distance SS is the minimum actual detection distance SSmin. That is, as
shown in FIG. 10, the detection distance DD may be set to be less than the front inter-vehicle



DK/EP 3401186 T3

distance VD and greater than or equal to a distance that is shorter than the front inter-object
distance FD by the target object length JL from which the minus side-prescribed error ASS-
has been subtracted.

[0039] As described previously, it is preferable that the offset distance ADD, which is the
difference between the front inter-object distance FD and the detection distance DD, is set
according to the length of the target object, the properties of the obstacle sensor 8, and the
target object length JL. When detection delay, control delay, and the like are taken into
consideration, the offset distance ADD is not limited to a fixed value, and may be a variation
value (variable value) corresponding to the state of travel of the article transport vehicle 3,
such as the speed and the acceleration. Furthermore, when the offset distance ADD is a fixed
value, the offset distance ADD does not need to be a value strictly corresponding to the length
of the target object or the properties of the obstacle sensor 8, and may be a constant value
based on an experiment or an experience.

[0040] As has been described thus far, according to the present embodiment, in the article
transport facility 100 in which the plurality of article transport vehicles 3 travel along the track K
so as to transport the article B, it is possible to appropriately detect an obstacle that may
possibly come into contact with the plurality of article transport vehicles 3, without hindering the
smooth travel of the article transport vehicles 3.

[0041] The foregoing illustrates a configuration in which the front object that is located in front
of the own vehicle and whose position on the track K is specified is another vehicle traveling in
front of the own vehicle, the front object position information indicating the position on the track
K of the front object is the another-vehicle position information indicating the position on the
track K of another vehicle, the front inter-object distance FD is the front inter-vehicle distance
VD corresponding to the own-vehicle position information and the another-vehicle position
information, the article transport vehicle 3 controls the travel of the own vehicle, based on the
front inter-vehicle distance VD, and sets the length of the detection area E along the advancing
direction of the obstacle sensor 8 to be variable according to the front inter-vehicle distance VD
such that the length is less than the front inter-vehicle distance VD. However, the front object is
not limited to another vehicle, and may be, for example, a blocking device that can be located
in front of the own vehicle to block the track K (e.g., an automatic door DR shown in FIG. 11).

[0042] As shown in FIG. 11, the article transport facility 100 may include a plurality of spaces
(warehouses) 101 and 102 that are each closed by a wall WL. For example, when an article B
that is to be stored and transported requires temperature control or humidity control, the first
warehouse 101 and the second warehouse 102 are formed as independent spaces that
includes a refrigerator or a freezer and whose temperature or humidity is controlled. To control
the temperature or the humidity, the first warehouse 101 and the second warehouse 102 are
each provided with an automatic door DR, and the track K is laid through the automatic door
DR. The automatic door DR is normally closed, and is controlled such that the automatic door
DR opens when the article transport vehicle 3 traveling on the track K moves in and out of the
first warehouse 101 and the second warehouse 102. As shown in FIG. 4, the automatic door
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DR (DOOR) is controlled to be opened and closed by the management apparatus 1. The first
automatic door DR1 provided in the first warehouse 101 and the second automatic door DR2
provided in the second warehouse 102 are blocking devices that can be located in front of the
own vehicle to block the track K, and correspond to the front objects.

[0043] That is, the article transport vehicle 3 controls the travel of the own vehicle, based on
the front separation distance SD corresponding to the own-vehicle position information and the
front object position information indicating the positions on the track K of the first automatic
door DR1 and the second automatic door DR2 that can be located in front of the own vehicle to
block the track K, and sets the length of the detection area E along the advancing direction of
the obstacle sensor 8 to be variable according to the front separation distance SD such that
the length is less than the front separation distance SD. The positions on the track K of the first
automatic door DR1 and the second automatic door DR2 are fixed positions, and the
open/close state of the first automatic door DR1 and the second automatic door DR2 (whether
they are blocking the track K) is known by the management apparatus 1. Accordingly, the
article transport vehicle 3 can know whether or not the automatic door DR is present on the
track K (whether the track K is blocked). When the automatic door DR is closed and the track K
is blocked, the article transport vehicle 3 acquires, as the position information of the front
object, the position information of the automatic door DR as the front object position
information.

[0044] Based on the own-vehicle position information and the aforementioned front object
position information, the article transport vehicle 3 can calculate the front separation distance
SD between the own vehicle and the automatic door DR. For example, as shown in FIG. 11,
when the second automatic door DR2 is opened and the first automatic door DR1 is closed,
the separation distance between the own vehicle and the first automatic door DR1 is calculated
as the front separation distance SD (first front separation distance SD1). When the second
automatic door DR2 is closed, the separation distance between the own vehicle and the
second automatic door DR2 is calculated as the front separation distance SD (second front
separation distance SD2), regardless of the open/close stated of the first automatic door DR1.
The front separation distance SD corresponds to the front inter-object distance between the
own vehicle and the front object.

[0045] Thus, the front object may include not only another vehicle traveling in front of the own
vehicle, but also the automatic door DR as a blocking device that can be located in front of the
own vehicle to block the track K. That is, the article transport vehicle 3 controls the travel of the
own vehicle, based on the front inter-object distance FD (including the front separation
distance SD and the front inter-vehicle distance VD as described above) corresponding to the
own-vehicle position information and the front object position information indicating the position
on the track K of an object including at least a blocking device that can be located in front of
the own vehicle to block the track K, and another vehicle traveling in front of the own vehicle,
and sets the length of the detection area E along the advancing direction of the obstacle
sensor 8 to be variable according to the front inter-object distance FD such that the length is
less than the front inter-object distance FD.
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[0046] The following is a brief description of an outline of the article transport vehicle described
above.

[0047] According to an aspect, an article transport vehicle for use in an article transport facility
in which a plurality of article transport vehicles travel along a track so as to transport articles,
includes an obstacle sensor having a detection area that includes at least a width of own
vehicle in a width direction extending along a horizontal plane and orthogonal to an advancing
direction of the own vehicle and that expands in the advancing direction. The article transport
vehicle controls travel of the own vehicle, based on a front inter-object distance corresponding
to own-vehicle position information indicating a position on the track of the own vehicle and
front object position information indicating a position on the track of a front object that is
located in front of the own vehicle and whose position on the track is specified, and sets a
length of the detection area along the advancing direction of the obstacle sensor to be variable
according to the front inter-object distance such that the length is less than the front inter-
object distance.

[0048] With this configuration, the obstacle sensor has a detection area that includes at least
the width of the article transport vehicle and that expands in the advancing direction.
Accordingly, it is possible to appropriately detect an obstacle that is present in the advancing
direction of the article transport vehicle and that may possibly come into contact with the article
transport vehicle when the article transport vehicle advances. Since the detection area is set to
be less than the front inter-object distance, it is possible to reduce the possibility of erroneously
detecting, as an obstacle, a front object whose position on the track is specified, such as a
blocking device blocking the track in front of the own vehicle and another vehicle traveling in
front of the own vehicle. In the case where the own vehicle is traveling, even when the position
on the track of the front object is specified such as in the case of the blocking device, the front
inter-object distance with the blocking device naturally varies. Since the state of travel
(traveling or stopped) and the traveling speeds of each of the vehicles, including the own
vehicle and another vehicle are not always the same, the front inter-object distance with the
other vehicle also varies. The detection area is set to be variable according to the front inter-
object distance. Accordingly, even when the front inter-object distance varies, the detection
area follows the variation so as to be less than the front inter-object distance. Therefore, it is
possible to reduce the possibility of erroneously detecting, as an obstacle, a front object,
including, for example, a blocking device blocking the track in front of the own vehicle and
another vehicle traveling in front of the own vehicle. Thus, the present configuration makes it
possible to appropriately detect an obstacle that may possibly come into contact with a plurality
of article transport vehicles, without hindering the smooth travel of the article transport
vehicles.

[0049] Here, it is preferable that the front object is another vehicle traveling in front of the own
vehicle, the front object position information is another-vehicle position information indicating a
position on the track of the other vehicle, and the front inter-object distance is a front inter-
vehicle distance corresponding to the own-vehicle position information and the another-vehicle
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position information. The article transport vehicle controls the travel of the own vehicle, based
on the front inter-vehicle distance, and sets the length of the detection area along the
advancing direction of the obstacle sensor to be variable according to the front inter-vehicle
distance such that the length is less than the front inter-vehicle distance.

[0050] As described previously, the obstacle sensor has a detection area that includes at least
the width of the article transport vehicle and that expands in the advancing direction.
Accordingly, it is possible to appropriately detect an obstacle that is present in the advancing
direction of the article transport vehicle and that may possibly come into contact with the article
transport vehicle when the article transport vehicle advances. Since the detection area is set to
be less than the front inter-vehicle distance, it is possible to reduce the possibility of
erroneously detecting another vehicle traveling in front of the own vehicle as an obstacle. Since
the state of travel (traveling or stopped) and the traveling speed of each of the vehicles are not
always the same, the front inter-vehicle distance also varies. The detection area is set to be
variable according to the front inter-vehicle distance. Therefore, even when the front inter-
vehicle distance varies, the detection area follows the variation so as to be less than the front
inter-vehicle distance. According, in such a case as well, it is possible to reduce the possibility
of erroneously detecting another vehicle traveling in front of the own vehicle as an obstacle.
That is, it is possible to appropriately detect an obstacle that may possibly come into contact
with a plurality of article transport vehicles, without hindering the smooth travel of the article
transport vehicles.

[0051] Here, it is preferable that the own vehicle acquires the another-vehicle position
information from the other vehicle by communicating with the other vehicle, and calculates the
front inter-vehicle distance.

[0052] An article transport facility may include a facility management apparatus that manages
and controls the entire article transport facility. In such a case, the facility management
apparatus often has position information indicating the positions on the track of a plurality of
article transport vehicles. Such position information can be provided, for example, from each of
the article transport vehicles to the facility management apparatus. The facility control
apparatus can calculate a front inter-vehicle distance of each of the article transport vehicles,
and provides the front inter-vehicle distance to each of the article transport vehicles. When
each of the article transport vehicles acquires the front inter-vehicle distance by using such a
procedure, the time for calculating a plurality of front inter-vehicle distances and the
communication time are required. However, when each of the article transport vehicle (own
vehicle) acquires the another-vehicle position information from another article transport vehicle
(another vehicle), and calculates the front inter-vehicle distance of the article transport vehicle
(own vehicle), it is sufficient to perform calculation for a single front inter-vehicle distance, thus
reducing the calculation load, and also eliminating the need for the communication time for
transmitting the calculation result. As a result, the front inter-vehicle distance can be promptly
updated to the latest information, making it possible to variably set the detection area in an
appropriate manner.
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[0053] It is preferable that, when a length, along the advancing direction, of an object that is
included in objects assumed as detection targets of the obstacle sensor and that has the
shortest length along the advancing direction is taken as a target object length, a length of the
detection area along the advancing direction is set to be less than the front inter-object
distance and greater than or equal to a distance that is shorter than the front inter-object
distance by the target object length.

[0054] With this configuration, even when a detection target that can be an obstacle is present
at a position in the vicinity of a blocking device blocking the track in front of the own vehicle or
another vehicle preceding the own vehicle, the detection area can be set such that the
detection target can be appropriately detected.

[0055] It is preferable that an actual length of the detection area along the advancing direction
is allowed to be shorter or longer by a predefined prescribed error, relative to a length set for
the obstacle sensor, and the length of the detection area along the advancing direction is set to
a distance shorter than the front inter-object distance by at least the prescribed error.

[0056] In general, obstacle sensors have individual errors in detection accuracy. For this
reason, the detection area of an obstacle sensor is often allowed to have an error within a
predetermined reference range. For example, the actual length of the detection area is allowed
to be shorter by the above-described prescribed error or to be longer by the prescribed error,
relative to the length of the detection area set for each of the obstacle sensors. Here, when the
detection area is longer by a prescribed distance, a front object may be erroneously detected
as an obstacle. The occurrence of such erroneous detection can be suppressed when the
length of the detection area set for each of the obstacle sensors is set to be a distance shorter
than the front inter-object distance by at least the prescribed error.

[0057] It is preferable that an actual length of the detection area along the advancing direction
is allowed to be shorter by a predefined minus side-prescribed error or longer by a plus side-
prescribed error, relative to a length set for the obstacle sensor, and a length of the detection
area along the advancing direction is set to a distance shorter than the front inter-object
distance by at least the plus side-prescribed error, and, when the length, along the advancing
direction, of an object that is included in objects assumed as detection targets of the obstacle
sensor and that has shortest length along the advancing direction is taken as a target object
length, the actual length of the detection area along the advancing direction is set to be greater
than or equal to a distance shorter than the front inter-object distance by the target object
length from which the minus side-prescribed error has been subtracted.

[0058] As described previously, in general, obstacle sensors have individual errors in detection
accuracy. For this reason, the actual length of the detection area is allowed to be shorter by
the minus side-prescribed error or to be longer by the plus side-prescribed error, relative to the
length of the detection area set for each of the obstacle sensors. It is possible to suppress the
possibility of erroneously detecting a front object as an obstacle when the length of the
detection area set for the obstacle sensor is set to be a distance shorter than the front inter-
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object distance by the plus side-prescribed error. As described previously, when a detection
target that can be an obstacle is present at a position the vicinity of a blocking device blocking
the track in front of the own vehicle or another vehicle preceding the own vehicle, it is
preferable that the length of the detection area is set to be greater than or equal to a distance
shorter than the front inter-object distance by the target object length such that such an
obstacle is appropriately detected. When the length of the detection area is shorter by the
minus side-prescribed error, it is most difficult for the obstacle to be detected. Therefore, in
order to appropriately detect the obstacle even in that case, it is preferable that the length of
the detection area is set to be greater than or equal to a distance that is shorter than the front
inter-object distance by the target object length from which the minus side-prescribed error has
been subtracted.

LIST OF REFERENCE SIGNS

[0059]
3

Article transport vehicle (front object whose position on track is specified)
8

Obstacle sensor
100

Article transport facility
B

Article
DD

Detection distance (length of detection area)
DD1

First distance (length of first detection area)
DD2

Second distance (length of second detection area)
DD3
Third distance (length of third detection area)

DR
Automatic door (front object whose position on track is specified)
E
Detection area
E1
First detection area (detection area)
E2
Second detection area (detection area)
E3

Third detection area (detection area)
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EF

Center detection area (detection area)
EL

Left detection area (detection area)
ER

Right detection area (detection area)
FD

Front inter-object distance
K

Track
Qf

Own-vehicle absolute coordinate (own-vehicle position information)
Qp

Another-vehicle absolute coordinate (another-vehicle position information)
S

Width direction
SD

Front separation distance (front inter-object distance)
SS

Actual length of detection area
J

Object assumed as detection target of obstacle sensor
JL

Target object length
VD

Front inter-vehicle distance (front inter-object distance)
ASS

Prescribed error
ASS-

Minus side-prescribed error
ASS+

Plus side-prescribed error
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PATENTKRAYV

1. Artikeltransportkaretoj (3) til anvendelse i et artikeltransportanlaeg (100),
hvori en flerhed af artikeltransportkaretajer bevaeger sig langs et spor (K) for at
transportere artikler, hvor artikeltransportkeretgjet (3) omfatter:

en hindringssensor (8) med et detekteringsomrade (E), som omfatter mindst
en bredde af eget karetgj i en bredderetning (S), som forleber langs et
horisontalt plan og ortogonalt pa en fremadgaende retning for det egne
karetaj, og som udvider sig i den fremadgaende retning, kendetegnet ved,
at artikeltransportkaretgjet (3) styrer beveegelsen af det egne karetgj baseret
pa en forreste inter-objekt-afstand (FD) svarende til eget koretojs
positionsinformation (Qf), som angiver en position pa sporet (K) af det egne
karetaj og forreste objekts positionsinformation, som angiver en position pa
sporet (K) af et forreste objekt, som befinder sig foran det egne keretgj, 0og
hvis position pa sporet (K) er defineret, kendetegnet ved, at artikeltransport-
karetajet (3) indstiller en laengde (DD) af detekteringsomradet (E) langs den
fremadgdende retning af hindringssensoren (8) til at veere variabel ifalge den
forreste inter-objekt-afstand (FD) saledes, at laengden (DD) er mindre end

den forreste inter-objekt-afstand (FD).

2. Artikeltransportkaretgj ifglge krav 1, hvor

det forreste objekt er et andet karetaj, som bevaeger sig foran det egne karetaj,
hvor det forreste objekis positionsinformation er et andet koretgjs positions-
information (Qp), som angiver en position pa sporet (K) af det andet karetgj, og
den forreste inter-objekt-afstand (FD) er en forreste inter-koretgj-afstand (VD)
svarende til det egne keretagjs positionsinformation (Qf) og det andet koretojs

positionsinformation (Qp).

3. Artikeltransportkaretgj ifglge krav 2, hvor
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det egne koretgj far det andet karetajs positionsinformation (Qp) fra det andet
karetaj ved at kommunikere med det andet karetgj og beregner den forreste inter-
karetgj-afstand (VD).

4.  Artikeltransportkeretgj ifglge et hvilket som helst af kravene 1 til 3, hvor,

nar en leengde langs den fremadgaende retning af et objekt, som er omfattet af
objekter, som antages som detekteringsmal for hindringsensoren (8), og som har
den korteste leengde langs den fremadgaende retning, tages som en malobjekt-
leengde (JL), indstilles en leengde (DD) af detekteringsomradet (E) langs den
fremadgéende retning til at vaere mindre end den forreste inter-objekt-afstand og
starre end eller lig med en afstand, som er kortere end den forreste inter-objekt-
afstand med malobjektlaengden (JL).

5.  Artikeltransportkoretgj ifglge et hvilket som helst af kravene 1 til 4, hvor

en faktisk leengde (SS) af detekteringsomradet (E) langs den fremadgaende
retning tillades at veere kortere eller la&engere med en foruddefineret foreskrevet
fejl (ASS) i forhold til en leengde indstillet for hindringssensoren (8), og leengden af
detekteringsomradet langs den fremadgaende retning indstilles til en afstand
kortere end den forreste inter-objekt-afstand med mindst den foreskrevne fejl
(ASS).

6. Artikeltransportkaretgj ifglge krav 4, hvor

en faktisk leengde (SS) af detekteringsomradet (E) langs den fremadgaende
retning tillades at vaere kortere med en foruddefineret foreskrevet minussidefejl
(ASS-) eller lzengere med en foreskrevet plussidefejl (ASS+) i forhold til en lzengde
indstillet for hindringssensoren (8), og en laeengde (DD) af detekteringsomradet (E)
langs den fremadgaende retning indstilles til en afstand kortere end den forreste
inter-objekt-afstand med mindst den foreskrevne plussidefejl (ASS+) og ogsa
indstilles til at veere starre end eller lig med en afstand kortere end den forreste
inter-objekt-afstand (FD) med malobjektlaengden (JL), fra hvilken den foreskrevne

minussidefejl (ASS) er fratrukket.
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