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DESCRIPTION

Title of Invention

CONVEYANCE SYSTEM

Technical Field

[0001] An aspect of the present invention relates to a transport system.
Background Art

[0002] Known as a conventional transport system is a system including
a track provided extending over a plurality of areas, a plurality of
transport vehicles traveling along the track, an area controller having
one of the areas as a control area and controlling the transport vehicles
within the control area, and a host controller transmitting a transport
command to the area controller (refer to Patent Literature 1, for
example). Such a transport system is provided with buffers on which
an article is temporarily placed at positions to and from a transport
vehicle can transfer the article.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Patent No. 4366663

Summary of Invention

Technical Problem

[0004] In the transport system described above, when the area
controller receives a first transport command for conveying the article
from a transfer port of the article for a processing apparatus within the
control area (hereinafter, also referred to simply as a "transfer port") to a

transport destination outside the control area, but the number of the
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transport vehicles within the control area is a prescribed number, the
area controller returns a rejection message(NG: No Good) to the host
controller without storing therein the first transport command as a
command to be managed by itself. Upon the return of rejection, the
host controller generates a second transport command for conveying the
article from the transfer port to the buffer within the control area and
transmits this second transport command to the area controller. Thus,
the number of the transport vehicles present within the control area is
avoided from becoming less than the prescribed number. However, in
this situation, when a buffer that can place thereon the article
(hereinafter, also referred to as a "vacant buffer") is not available, the
second transport command is not generated, and the first transport
command is managed by neither the host controller nor the area
controller. Consequently, the article may be left at the transfer port.
[0005] In this regard, the host controller may constantly monitor the
buffers and generate the second transport command when the vacant
buffer occurs. However, in this case, a processing load on the host
controller increases.

[0006] An aspect of the present invention has been made in view of the
above circumstances, and a problem thereof is to provide a transport
system with which an article can be prevented from being left at a
transfer port while reducing a processing load on a host controller.
Solution to Problem

[0007] A transport system according to an aspect of the present
invention includes a track provided extending over a plurality of areas, a

plurality of transport vehicles traveling along the track, an area
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controller having one of the areas as a control area and controlling the
transport vehicles within the control area, a buffer provided at a position
to and from which a transport vehicle within the control areas is allowed
to transfer an article and on which the article can be temporarily placed,
and a host controller transmitting to the area controller a transport
command causing the transport vehicle to convey the article. The area
controller, when the number of the transport vehicles present within the
control area is a prescribed number set in advance and when receiving a
first transport command for conveying the article from a transfer port of
the article for a processing apparatus within the control area to a
transport destination outside the control area from the host controller,
stores therein the first transport command and transmits a report to the
host controller indicating that the first transport command is not capable
of being assigned to the transport vehicle, and the host controller, when
receiving the report from the area controller, when a buffer that is
capable of placing the article is available, transmits a command for
deleting the stored first transport command to the area controller,
generates a second transport command for conveying the article from
the transfer port to the buffer, and transmits the second transport
command to the area controller.

[0008] In this transport system, when the number of the transport
vehicles present within the control area of the area controller is the
prescribed number, if a vacant buffer is available, the first transport
command is deleted in the area controller, and the second transport
command is transmitted to the area controller by the host controller.

On the other hand, if a vacant buffer is not available, the first transport
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command remains stored in the area controller. Thus, while the
number of the transport vehicles present within the control area is
prevented from becoming less than the prescribed number, the
command for conveying the article from the transfer port within the
control area can be managed by either the host controller or the area
controller regardless of the presence or absence of the vacant buffer
within the control area, and thus the host controller does not need to
constantly monitor the vacant buffer. Consequently, the article can be
prevented from being left at the transfer port while reducing a
processing load on the host controller.

[0009] In the transport system according to an aspect of the present
invention, the area controller, when storing the first transport command,
when the number of the transport vehicles present within the control
area is larger than the prescribed number and a transport vehicle to
which the transport command is capable of being assigned is available
within the control area, may assign the first transport command to the
transport vehicle. Thus, when a buffer that can place thereon the
article is not available, the area controller continuously manages the first
transport command and waits for an increase in the number of the
transport vehicles within the control area, so that the article can be
conveyed from the transfer port to the transport destination outside the
control area.

[0010] In the transport system according to an aspect of the present
invention, the area controller may assign the second transport command
received from the host controller to the transport vehicle, and the host

controller, when transport of the article to the buffer is completed by the
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transport vehicle to which the second transport command has been
assigned, may generate a third transport command for conveying the
article from the buffer to a transport destination which had been
included in the first transport command or another transport destination
outside the control area and transmit the third transport command to the
area controller. Thus, the article is conveyed to the buffer within the
control area, and then the article can be conveyed from the buffer to the
transport destination in the first transport command or the other
transport destination outside the control area. That is to say, the
second transport command or the third transport command can cause
the transport vehicle to execute transport of the article that ought to have
been executed by the transport vehicle by the first transport command or
transport of the article to a transport destination different from the
transport destination in the first transport command.

[0011] In the transport system according to an aspect of the present
invention, the area controller, when the number of the transport vehicles
present within the control area is larger than the prescribed number and
a transport vehicle to which the transport command is capable of being
assigned is available within the control area, may assign the third
transport command to the transport vehicle. Thus, the article that
ought to have been conveyed to the transport destination outside the
control area by the first transport command can be conveyed to the
transport destination in the first transport command or the other
transport destination outside the control area by the transport vehicle to
which the third transport command has been assigned.

Advantageous Effects of Invention
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[0012] An aspect of the present invention can provide a transport
system with which an article can be prevented from being left at a
transfer port while reducing a processing load on a host controller.

Brief Description of Drawings

[0013] FIG. 1 is a schematic plan view illustrating a transport system
according to an embodiment.

FIG. 2 is a schematic plan view illustrating part within an area of
the transport system according to the embodiment in an enlarged
manner.

FIG. 3 is a schematic side view illustrating a transport vehicle, a
transfer port, and a buffer of the transport system according to the
embodiment.

FIG. 4 is a sequence diagram of the transport system according
to the embodiment.

FIG. 5 is a sequence diagram of the transport system according
to the embodiment.

FIG. 6 is a sequence diagram of the transport system according
to the embodiment.

FIG. 7 is a sequence diagram of the transport system according
to the embodiment.

FIG:. 8 is a sequence diagram of the transport system according
to the embodiment.

Description of Embodiments
[0014] The following describes an embodiment with reference to the
accompanying drawings. In the descriptions of the drawings, the same

components are denoted by the same symbols, and a duplicate
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description is omitted. The dimension ratios of the drawings do not
necessarily match described ones.

[0015] As illustrated in FIG. 1 to FIG 3, this transport system 1 is a
system conveying an article 10. The article 10 is a container housing a
plurality of semiconductor wafers, for example, and may be a glass
substrate, a general component, or the like. The transport system 1
includes a track 4, transport vehicles 6, buffers 8, area controllers 50a,
50b, and 50c, and a host controller 60. The transport system 1 conveys
the article 10 between a plurality of transfer ports 14 or between a
transfer port 14 and a buffer 8 or the like.

[0016] The track 4 is provided extending over a plurality of areas Aa,
Ab, and Ac. The track 4 1s laid near a ceiling as an overhead space of
a facility, for example. The track 4 is hung from the ceiling, for
example. The track 4 is a travel path set in advance for causing the
transport vehicle 6 to travel. The track 4 is supported on support
pillars 41.

[0017] A transport vehicle 6 travels along the track 4 to convey the
article 10. The transport vehicle 6 is configured such that the article 10
can be transferred. The transport vehicle 6 is a ceiling traveling type
unmanned transport vehicle. The transport vehicle 6 is also referred to
as a truck (a transport truck), a ceiling traveling vehicle (a ceiling
traveling truck), or traveling vehicle (a traveling truck), for example.
The number of the transport vehicles 6 included in the transport system
1, which is not limited to a particular number, is a plural number.

[0018] As illustrated in FIG. 3, the transport vehicle 6 has a travel part

18 causing the transport vehicle 6 to travel along the track 4 and a
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reception communication unit 20 receiving power from the track 4
through noncontact power supply, for example. The transport vehicle
6 performs communication with any of the area controllers 50a, 50b,
and 50c using a power supply line of the track 4 or the like.
Alternatively, the transport vehicle 6 may perform communication with
any of the area controllers 50a, 50b, and 50c¢ via a communication line
(a feeder line) provided along the track 4 apart from the power supply
line. The transport vehicle 6 has a body frame 22, a cross-feed unit 24,
a 0 drive 26, a hoisting-and-lowering drive unit 28, an elevating
platform 30, and a falling prevention cover 33.

[0019] The cross-feed unit 24 collectively cross-feeds the 0 drive 26,
the hoisting-and-lowering drive unit 28, and the elevating platform 30 in
a direction orthogonal to a travel direction of the track 4. The 0 drive
26 rotates at least either the hoisting-and-lowering drive unit 28 or the
elevating platform 30 within a certain angle range within a horizontal
plane. The hoisting-and-lowering drive unit 28 hoists or lowers the
elevating platform 30 through winding or unwinding of suspension
members such as wires, ropes, and belts. The elevating platform 30 is
provided with a chuck and is made free to grasp or release the article 10.
The falling prevention cover 33 is provided in pairs longitudinally in the
travel direction of the transport vehicle 6, for example. The falling
prevention cover 33 extends and retracts a nail or the like (not
illustrated) to prevent the article 10 from falling during transport.

[0020] The transport vehicle 6 cross-feeds the hoisting-and-lowering
drive unit 28 and the like by the cross-feed unit 24 and slightly hoists or

lowers the elevating platform 30 to transfer the article 10 to and from



10

15

20

25

FP19-0013-00

the buffer 8. The transport vehicle 6 hoists or lowers the elevating
platform 30 by the hoisting-and-lowering drive unit 28 to transfer the
article 10 to and from the transfer port 14.

[0021] As illustrated in FIG. 2 and FIG. 3, the buffer 8 is a place at
which the article 10 is temporarily placed. The buffer 8 is a stage on
which the article 10 is provisionally placed. While the transport
vehicle 6 is conveying the article 10 with the transfer port 14 as a
destination (a transport destination), when the article 10 being conveyed
by the transport vehicle 6 cannot be transferred to the transfer port 14
for the reason that another article 10 is placed on the transfer port 14, for
example, the transport vehicle 6 transfers the article 10 to the buffer 8
near the transfer port 14. Thus, the article 10 is temporarily stored at
the buffer 8 until the transfer port 14 becomes unoccupied. The
buffers 8 are hung from the ceiling or the like with pillars 9. The
buffers 8 are provided at positions to and from which the transport
vehicle 6 is allowed to transfer the article 10. The buffers 8 are
disposed beside the track 4. Alternatively, the buffers 8 may be
disposed immediately below the track 4. The buffer 8 is provided with
a buffer storage unit storing therein various kinds of information on the
buffer 8 (information on whether the article 10 is placed, information on
an ID of the placed article 10, and the like) and a communication unit
communicating the various kinds of information stored in the buffer
storage unit.

[0022] The transfer port 14 is a port transferring the article 10 to and
from a processing apparatus 12 for semiconductors including a washing

apparatus, a film making apparatus, a lithography apparatus, an etching
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apparatus, a heat treatment apparatus, and a flattening apparatus. The
transfer port 14 is a stage on which the article 10 is placed. In a mode
in which the article 10 is the container housing the semiconductor
wafers, the semiconductor wafers are taken out of the article 10 placed
on the transfer port 14 to be taken in into the processing apparatus 12,
are subjected to processing in the processing apparatus 12, and are again
housed in the article 10. The article 10 housing the semiconductor
wafers is conveyed to the transfer port 14 performing transfer to and
from another processing apparatus 12 by the transport vehicle 6. The
processing apparatus 12 performs communication of various kinds of
information with the host controller 60 through wired communication
using the communication line or the like provided along the track 4 or
wireless communication. The processing apparatus 12, which is not
limited to a particular apparatus, may be various kinds of apparatuses.
The transfer ports 14 are provided at positions to and from which the
transport vehicle 6 is allowed to transfer the article 10. The transfer
ports 14 are disposed immediately below the track 4. Alternatively,
the transfer ports 14 may be disposed beside and below the track 4; in
this case, the transport vehicle 6 cross-feeds the hoisting-and-lowering
drive unit 28 and the like by the cross-feed unit 24 and hoists or lowers
the elevating platform 30 to transfer the article 10 to and from the
transfer port 14.

[0023] The area controllers 50a, 50b, and 50c are each an electronic
control unit including a central processing unit (CPU), a read only
memory (ROM), and a random access memory (RAM). The area

controllers 50a, 50b, and 50c can be configured as software with a

10



10

15

20

25

FP19-0013-00

computer program stored in the ROM loaded onto the RAM and
executed by the CPU, for example. The area controllers 50a, 50b, and
50c may be configured as hardware by an electronic circuit or the like.
[0024] The area controllers 50a, 50b, and 50c are provided in the areas
Aa, Ab, and Ac, respectively. The area controllers 50a, 50b, and 50c
are provided corresponding to the areas Aa, Ab, and Ac, respectively.
Specifically, the area controllers 50a, 50b, and 50c have the areas Aa,
Ab, and Ac, respectively, as control areas, i.e. as areas the control of
which is taken charge of by the respective area controller. In other
words, one area controller has one area as the control area, and the same
number of such area controllers as that of the areas are provided. That
is to say, one area controller has one particular of the areas as the control
area. The area controller 50a performs communication with the
transport vehicles 6 within a control area of the area controller 50a
(hereinafter, also referred to as "its own control area") to control the
transport vehicles 6 within its own control area. The area controller
50b performs communication with the transport vehicles 6 within its
own control area to control the transport vehicles 6 within its own
control area. The area controller 50c performs communication with
the transport vehicles 6 within its own control area to control the
transport vehicles 6 within its own control area. The area controllers
50a, 50b, and 50c perform communication with the host controller 60 in
a wired or wireless manner. The area controllers 50a, 50b, and 50c
have storage units 51a, 51b, and 51c, respectively.

[0025] The host controller 60 is an electronic control unit including a

CPU, a ROM, and a RAM. The host controller 60 can be configured
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as software with a computer program stored in the ROM loaded onto
the RAM and executed by the CPU, for example. The host controller
60 may be configured as hardware by an electronic circuit or the like.
The host controller 60 performs communication with any of the area
controllers 50a, 50b, and 50c in a wired or wireless manner to transmit
to any of the area controllers 50a, 50b, and 50c a transport command
causing the transport vehicle 6 to convey the article 10. The host
controller 60 is also connected to a controller controlling a stacker crane
installed in a stocker, a controller controlling a conveyor, and the like
apart from the area controllers 50a, 50b, and 50c, for example, and
transmits various kinds of commands to the controllers.

[0026] In the transport system 1 of the present embodiment, each of the
area controllers 50a, 50b, and 50c, when the number of the transport
vehicles 6 present within its own control area is a prescribed number
and when receiving a first transport command from the host controller
60, stores the first transport command as a command to be managed by
itself in each of the storage units 51a, 51b, and 51c and transmits a
report indicating that the first transport command cannot be assigned to
the transport vehicle 6 (hereinafter, referred to as an "assignment
impossibility report") to the host controller 60.

[0027] The prescribed number is set in advance. The prescribed
number, which is not limited to a particular number, may be a fixed
value or a variable value. The prescribed number may be various
numbers. The prescribed number is a minimum kept transport vehicle
number (a minimum number) as the number of the transport vehicles 6

to be kept within one area, for example. When work to be executed by
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the transport vehicle 6 within an area such as transport of the article 10
occurs, if a sufficient number of the transport vehicles 6 are not present
within the area in advance, the work cannot be executed quickly.
Given these circumstances, in the transport system 1, the minimum kept
transport vehicle number as a lower limit value of the number of the
transport vehicles 6 to be kept within one area is set, for example, and
each of the area controllers 50a, 50b, and 50c controls the transport
vehicles 6 within the control area such that the number of the transport
vehicles 6 within the control area does not become less than the
minimum kept transport vehicle number (that is, such that it is
constantly not less than the minimum kept transport vehicle number).
Specifically, when the number of the transport vehicles 6 within the
control area is the minimum kept transport vehicle number, each of the
area controllers 50a, 50b, and 50c controls travel of the transport
vehicles 6 within the control area such that the transport vehicles 6
within the control area do not go out of the control area.

[0028] The first transport command is a command for conveying the
article 10 from the transfer port 14 within the control area of an area
controller to a transport destination outside the area controller. The
first transport command is a transport command for conveying the
article 10 from the transfer port 14 within the area Aa to the transfer port
14 within the area Ab (or within the area Ac), for example. The
transport destination, which is not limited to a particular destination,
includes the transfer port 14 and the buffer 8 in another area (another
control area) different from the area to which the transfer port 14 as a

transport source belongs (its own control area).
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[0029] When the number of the transport vehicles 6 present within the
control area of the area controller 50a is the minimum kept transport
vehicle number and the area controller 50a receives the first transport
command from the host controller 60, for example, if the first transport
command is assigned to the transport vehicle 6 within the control area,
the transport vehicle 6 to which the first transport command has been
assigned will go out of the control area, and thus the number of the
transport vehicles 6 present within its own control area becomes less
than the minimum kept transport vehicle number. Thus, the area
controller 50a cannot assign the first transport command to any of the
transport vehicles 6 within the control area. In this case, the area
controller 50a stores the first transport command as a command to be
managed by itself in the storage unit 51a and transmits the assignment
impossibility report to the host controller 60.

[0030] The host controller 60, when receiving the assignment
impossibility report from any of the area controllers 50a, 50b, and 50c,
when a transport vehicle 6 within the control area of any of the area
controllers 50a, 50b, and 50c is provided at a position that can transfer
the article 10 and a buffer 8 that can place thereon the article 10
(hereinafter, referred to as a "vacant buffer 8") is available, generates a
second transport command. The second transport command is a
command for conveying the article 10 from the transfer port 14 within
the control area of any of the area controllers 50a, 50b, and 50c to the
vacant buffer 8. A transport source of the second transport command
is the the same transfer port 14 as the transport source of the first

transport command. In the mode in which the article 10 is the
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container housing the semiconductor wafers, when the article 10 houses
processed semiconductor wafers (that is, the article 10 fo be carried
away) is placed on the transfer port 14, another article 10 cannot be
placed on the transfer port 14, and thus the processing apparatus 12,
even though it is in an operable state, cannot perform processing on the
semiconductor wafers housed within the other article 10. Thus, the
article 10 placed on the transfer port 14 should be quickly removed from
the transfer port 14. Given these circumstances, in the transport
system 1, when the first transport command cannot be assigned to any
of the transport vehicles 6 within the control area, the second transport
command with the transfer port 14 being the same as the transport
source of the first transport command as the transport source is
generated, and the second transport command is assigned to the
transport vehicle 6, whereby the article 10 placed on the transfer port 14
is carried away without waiting until the number of the transport
vehicles 6 within the control area exceeds the prescribed number. The
second transport command can be generated based on the first transport
command. The second transport command is a command formed by
dividing the first transport command (including part of the first transport
command) and is a command including a carrying-away process from
the transport source in the first transport command.

[0031] After generating the second transport command, the host
controller 60 transmits the second transport command to any of the area
controllers 50a, 50b, and 50c. The host controller 60, when receiving
the assignment impossibility report from any of the area controllers 50a,

50b, and 50c, when a vacant buffer 8 within the control area of the
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respective of the area controllers 50a, 50b, and 50c is available,
transmits a command for deleting the first transport command stored in
its storage unit (the storage unit of any of the area controllers 50a, 50b,
and 50c) (hereinafter, referred to as a "deletion command") to the
respective of the area controllers 50a, 50b, and 50c. On the other
hand, the host controller 60, when receiving the assignment
impossibility report from any of the area controllers 50a, 50b, and 50c,
when a vacant buffer 8 is not available within the control area of the
respective of the area controllers 50a, 50b, and 50c, does not transmit
the deletion command to the respective of the area controllers 50a, 50b,
and 50c. That is to say, without performing any additional processing
on the first transport command transmitted to any of the area controllers
50a, 50b, and 50c, the host controller 60 waits until an assignment
report about the first transport command is received from the respective
of the area controllers 50a, 50b, and 50c.

[0032] Each of the area controllers 50a, 50b, and 50c, when storing the
first transport command in the respective of the storage units 51a, 51b,
and 51c, when the number of the transport vehicles 6 present within its
own control area is larger than the prescribed number and a vacant
transport vehicle 6 (the transport vehicle 6 to which the transport
command can be assigned) is available within its own control area,
assigns the first transport command to the vacant transport vehicle 6.
That is to say, while the number of the transport vehicles 6 present
within its own control area is the prescribed number, the stored first
transport command is held without being assigned to any of the

transport vehicles 6; when the number of the transport vehicles 6 within
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the control area becomes larger than the prescribed number after a new
transport vehicle 6 enters the control area from another area, for
example, the stored first transport command is assigned to a vacant
transport vehicle 6 within the control area. Thus, the transport vehicle
6 to which the first transport command has been assigned conveys the
article 10 from the transfer port 14 within its own control area to a
transport destination outside its own control area.

[0033] Each of the area controllers 50a, 50b, and 50c, when a vacant
transport vehicle 6 (that is, the transport vehicle 6 to which the transport
command can be assigned) is not available within its own control area,
stores the transport command received from the host controller 60 in
each of the storage units 51a, 51b, and 51c without being assigned to
any of the transport vehicles 6. A case in which all the transport
vehicles 6 present within its own control area are already executing a
transport command corresponds to this case, for example. A plurality
of transport commands that are not assigned to any of the transport
vehicles 6 can be accumulated in the storage units 51a, 51b, and Slc.
Each of the area controllers 50a, 50b, and 50c, when a vacant transport
vehicle 6 becomes available within its own control area, assigns the
transport commands stored in each of the storage units 51a, 51b, and
51c to the vacant transport vehicle 6 in order of their storage, for
example.

[0034] Each of the area controllers 50a, 50b, and 50c, when receiving
the second transport command from the host controller 60, assigns the
second transport command to the vacant transport vehicle 6. Thus, the

transport vehicle 6 to which the second transport command has been
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assigned conveys the article 10 from the transfer port 14 within its own
control area to the buffer 8. In this case, the transport vehicle 6 to
which the second transport command has been assigned does not go out
of the control area, and thus the number of the transport vehicles 6
within the control area is kept at at least the prescribed number.

[0035] The host controller 60, when transport of the article 10 to the
buffer 8 within the control area is completed by the transport vehicle 6
to which the second transport command has been assigned, generates a
third transport command. The third transport command is a command
for conveying the article 10 from the buffer 8 within the control area to
a transport destination outside the control area. The transport
destination of the third transport command may be the same as the
transport destination of the first transport command or different
therefrom. The third transport command can be generated based on
the first transport command. The third transport command may be a
command formed by dividing the first transport command (including
the other part of the first transport command) and may be a command
including a carrying-in process to the transport destination in the first
transport command. After generating the third transport command, the
host controller 60 transmits the third transport command to the
respective of the area controllers 50a, 50b, and 50c controlling the
control area.

[0036] Each of the area controllers 50a, 50b, and 50c, when receiving
the third transport command from the host controller 60, stores the third
transport command in the respective of the storage units 51a, 51b, and

51c. Each of the area controllers 50a, 50b, and 50c, when the third
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transport command is stored, when the number of the transport vehicles
6 present within its own control area is larger than the prescribed
number and a vacant transport vehicle 6 (the transport vehicle 6 to
which the transport command can be assigned) is available within its
own control area, assigns the stored third transport command to the
vacant transport vehicle 6. Thus, the transport vehicle 6 to which the
third transport command has been assigned conveys the article 10 from
the buffer 8 within its own control area to the transport destination
outside its own control area. Each of the area controllers 50a, 50b, and
50c, when receiving the third transport command from the host
controller 60, for example, stores the third transport command in the
respective of the storage units 51a, 51b, and 51c regardless of the
number of the transport vehicles 6 present within its own control area
being the prescribed number or being larger than the prescribed number.
That is to say, even when the number of the transport vehicles 6 present
within the control area is the prescribed number, the assignment
impossibility report is not transmitted to the host controller 60. In
other words, a new transport command with the buffer 8 as a transport
source and with another buffer 8 within the control area as a transport
destination is not necessarily required to be generated. When the
number of the transport vehicles 6 present within the control area is the
prescribed number, for example, the third transport command stored in
each of the storage units 5la, 51b, and Slc is held without being
assigned to any of the transport vehicles 6; when the number of the
transport vehicles 6 within the control area becomes larger than the

prescribed number, the third transport command stored in each of the

19



10

15

20

25

FP19-0013-00

storage units 5la, 51b, and 51c is assigned to a transport vehicle 6
within the control area.

[0037] The following specifically describes exemplary processing
executed by the transport system 1 with reference to sequence diagrams
in FIG. 4 to FIG. 8.

[0038] The following describes the area controller 50a as one of the
area controllers 50a, 50b, and 50c. The following describes the
transfer port 14 and the processing apparatus 12 present within the
control area of the area controller 50a simply as "the transfer port 14
and the processing apparatus 12."

[0039] As illustrated in FIG. 4, the processing apparatus 12, when
completing processing, transmits a pick-up request requesting pick-up
(carrying away) of the article 10 from the transfer port 14 to the host
controller 60 (Step S1). The host controller 60, in response to
reception of the pick-up request, generates the first transport command
for conveying the article 10 from the transfer port 14 within the control
area of the area controller 50a to a transport destination outside the
control area of the area controller 50a (Step S2). The host controller
60 transmits the first transport command to the area controller 50a.
[0040] The area controller 50a, in response to reception of the first
transport command, returns an OK report reporting the reception to the
host controller 60. The area controller 50a determines whether the
number of the transport vehicles 6 present within its own control area is
the prescribed number based on a communication result with the
transport vehicles 6, for example. When determining that the number

of the transport vehicles 6 present within its own control area is the
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prescribed number, the area controller 50a determines a number
condition of the transport vehicles 6 to be inappropriate (Step S3). The
area controller 50a stores the received first transport command in the
storage unit 5la (Step S4). The area controller 50a transmits an
assignment impossibility report to the host controller 60.

[0041] The host controller 60, when receiving the assignment
impossibility report, searches for a vacant buffer 8 within the control
area of the area controller 50a (Step S5). Search for the vacant buffer
8 can be executed based on various kinds of information obtained by
performing communication with the buffers 8 within the control area,
for example. When a vacant buffer 8 is not available within the
control area, the host controller 60 determines that the vacant buffer 8 is
undetectable (Step S6).

[0042] Subsequently, the area controller 50a, when a transport vehicle 6
enters its own control area, for example, and the number of the transport
vehicles 6 present within its own control area increases, determines that
the number of the transport vehicles 6 present within its own control
area is larger than the prescribed number and determines that the
number condition of the transport vehicles 6 is OK, as illustrated in FIG.
5 (Step S11). The area controller 50a, when a vacant transport vehicle
6 1s available within its own control area, assigns the first transport
command stored in the storage unit 51a to the vacant transport vehicle 6
(Step S12). The area controller 50a transmits a command assignment
report reporting that the first transport command has been assigned to
the transport vehicle 6 to the host controller 60. The transport vehicle

6 to which the first transport command has been assigned carries
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away(picks up) the article 10 from the transfer port 14 in order to
convey it to the transport destination outside the control area. The
transport vehicle 6 that has carried away the article 10 from the transfer
port 14 reports the fact to the area controller 50a, and the area controller
50a recognizes that pick-up of the article 10 from the transfer port 14
has been completed (Step S13). The processing apparatus 12
recognizes that the transfer port 14 is in a state of vacancy (an article 10
is not placed). The processing apparatus 12 transmits a drop-off
request requesting the transfer port 14 to place an article 10 to the host
controller 60 (Step S14).

[0043] On the other hand, as illustrated in FIG. 6, the host controller 60,
when a vacant buffer 8 is available within the control area of the area
controller 50a after searching for a vacant buffer 8 at Step S5,
determines that a vacant buffer 8 is detectable (Step S21). As
illustrated in FIG. 7, the host controller 60 transmits the deletion
command for deleting the first transport command stored in the storage
unit 51a to the area controller 50a. The area controller 50a, in
response to reception of the deletion command, returns an OK report
reporting the reception to the host controller 60. The area controller
50a deletes the first transport command stored in the storage unit 51a
(Step S22). The area controller 50a transmits a deletion completion
report reporting deletion completion of the first transport command to
the host controller 60.

[0044] The host controller 60 generates the second transport command
for conveying the article 10 from the transfer port 14 to the vacant

buffer 8 (Step S23). The host controller 60 transmits the second
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transport command to the area controller 50a. The area controller 50a
assigns the received second transport command to the vacant transport
vehicle 6 (Step S24). The area controller 50a transmits a command
assignment report reporting that the second transport command has been
assigned to the transport vehicle 6 to the host controller 60. The
transport vehicle 6 to which the second transport command has been
assigned carries away the article 10 from the transfer port 14 in order to
convey it to the vacant buffer 8 within the control area. The transport
vehicle 6 that has carried away the article 10 from the transfer port 14
reports this fact to the area controller 50a, and the area controller 50a
recognizes that pick-up of the article 10 from the transfer port 14 has
been completed (Step S25). The processing apparatus 12 recognizes
that the transfer port 14 is in a state of vacancy (an article 10 is not
placed). The processing apparatus 12 transmits a drop-off request
requesting the transfer port 14 to place an article 10 to the host
controller 60 (Step S26).

[0045] As illustrated in FIG. 8, the area controller 50a recognizes that
transport of the article 10 to the vacant buffer 8 has been completed
(Step S31). The area controller 50a transmits a transport completion
report reporting that transport by the second transport command has
been completed to the host controller 60. The host controller 60
generates the third transport command for conveying the article 10 from
the buffer 8 to the transport destination outside the control area of the
area controller 50a (Step S32). The host controller 60 transmits the
third transport command to the area controller 50a. The area controller

50a stores the received third transport command in the storage unit 51a

23



10

15

20

25

FP19-0013-00

(Step S33).

[0046] Subsequently, the area controller 50a, when a transport vehicle 6
enters its own control area, for example, and the number of the transport
vehicles 6 present within its own control area increases, determines that
the number of the transport vehicles 6 present within its own control
area is larger than the prescribed number and determines that the
number condition of the transport vehicles 6 is OK (Step S34). The
area controller 50a, when a vacant transport vehicle 6 is available within
its own control area, assigns the third transport command stored in the
storage unit 51a to the vacant transport vehicle 6 (Step S35). The area
controller 50a transmits a command assignment report reporting that the
third transport command has been assigned to the transport vehicle 6 to
the host controller 60. The transport vehicle 6 to which the third
transport command has been assigned carries away the article 10 from
the buffer 8 in order to convey it to the transport destination outside the
control area. The transport vehicle 6 that has carried away the article
10 from the buffer 8 reports this fact to the area controller 50a, and the
area controller 50a recognizes that pick-up of the article 10 from the
buffer 8 has been completed (Step S36).

[0047] In the transport system 1, in each of the area controllers 50a,
50b, and 50c, when the number of the transport vehicles 6 present
within its own control area is the prescribed number and a vacant buffer
8 1s available within its own control area, the first transport command is
deleted. Subsequently, the second transport command is transmitted
from the host controller 60 to the respective of the area controllers 50a,

50b, and 50c. On the other hand, when a vacant buffer 8 is not
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available within its own control area, the first transport command
remains stored in the respective of the area controllers 50a, 50b, and
50c. Thus, while the number of the transport vehicles 6 present within
the control area is prevented from becoming less than the prescribed
number, the command for conveying the article 10 from the transfer
port 14 within the control area can be managed by either the host
controller 60 or the respective of the area controllers 50a, 50b, and 50c¢
regardless of the presence or absence of the vacant buffer 8 within the
control area, and thus the host controller 60 does not need to constantly
monitor the presence or absence of a vacant buffer 8.

[0048] As described above, the host controller 60 transmits various
kinds of commands to various controllers, not only to the area
controllers 50a, 50b, and 50c, for example. Thus, a processing load on
the host controller 60 is required to be reduced as much as possible. In
the transport system 1 of the present embodiment, the host controller 60,
when receiving the assignment impossibility report from a respective of
the area controllers 50a, 50b, and 50c, is only required to search once
for the vacant buffer 8 within the control area of the respective of the
area controllers 50a, 50b, and 50c, which gives a smaller processing
load than one involving constant monitoring until the vacant buffer 8
occurs within the control area. Consequently, while the processing
load on the host controller 60 is reduced, the article 10 can be prevented
from being left at the transfer port 14. The article 10 is quickly carried
away from the transfer port 14, and thus the operating rate of the
processing apparatus 12 can be improved. An article swap time (a

time from when the pick-up request is output from the processing
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apparatus 12 until when the article 10 is picked up from the transfer port
14 and a new article 10 is placed on the transfer port 14) can be reduced.
[0049] In the transport system 1, each of the area controllers 50a, 50b,
and 50c, when storing the first transport command, when the number of
the transport vehicles 6 present within its own control area is larger than
the prescribed number and a vacant transport vehicle 6 is available
within its own respective control area, assigns the first transport
command to the vacant transport vehicle 6. Thus, when a vacant
buffer 8 is not available, each of the area controllers 50a, 50b, and 50c
continuously manages the first transport command and waits for an
increase in the number of the transport vehicles 6 within the control
area, so that the article 10 can be conveyed from the transfer port 14 to
the transport destination outside the control area.

[0050] In the transport system 1, each of the area controllers 50a, 50b,
and 50c assigns the second transport command received from the host
controller 60 to the transport vehicle 6. The host controller 60, when
receiving the transport completion report of the second transport
command, generates the third transport command and transmits the third
transport command to the respective of the area controllers. Thus, the
article 10 is conveyed to the vacant buffer 8 within the control area, and
then the article 10 can be conveyed from the buffer 8 to the transport
destination in the first transport destination or the other transport
destination outside the control area. That is to say, the second
transport command or the third transport command can cause the
transport vehicle 6 to execute transport of the article 10 that ought to
have been executed by the transport vehicle 6 by the first transport
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command or transport of the article 10 to a transport destination
different from the transport destination in the first transport command.
[0051] In the transport system 1, each of the area controllers 50a, 50b,
and 50c, when the number of the transport vehicles 6 present within its
own control area is larger than the prescribed number and a vacant
transport vehicle 6 is available within its own control area, assigns the
third transport command to the transport vehicle. Thus, the article 10
that ought to have been conveyed to the transport destination outside the
control area by the first transport command can be conveyed to the
transport destination in the first transport command or the other
transport destination outside the control area by the transport vehicle 6
to which the third transport command has been assigned. In addition,
transport of the article 10 from the transfer port 14 (the first transport
command) can be performed prior to transport of the article 10 from the
buffer 8 (the third transport command).

[0052] An embodiment has been described; an aspect of the present
invention is not limited to the embodiment, and various modifications
can be made within the scope not departing from the gist of the
invention.

[0053] In the embodiment, the layout of the track 4 and the areas Aa,
Ab, and Ac is not limited to particular one; various layouts can be
employed for the track 4 and the areas Aa, Ab, and Ac. The
embodiment describes the processing about one area controller 50a by
way of example; similar processing can be executed also in the other
area controllers 50b and 50c. The transport system 1 of the

embodiment may include one or a plurality of controllers relaying the
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area controllers 50a, 50b, and 50c and the host controller 60. The
number of the areas, and thus the number of the area controllers is not
limited to a particular number.

[0054] In the embodiment, the host controller 60 generates and
transmits the second transport command after transmitting the deletion
command; the host controller 60 may transmit the deletion command
after generating and transmitting the second transport command or
generate and transmit the second transport command simultaneously
with (concurrently with) transmission of the deletion command. In the
embodiment, each of the area controllers 50a, 50b, and 50c, when
receiving the third transport command from the host controller 60,
stores the third transport command in the respective of the storage units
51a, 51b, and 5Slc; in this process, when the number of the transport
vehicles 6 present within its own control area is larger than the
prescribed number and a vacant transport vehicle 6 is available within
its own control area, the received third transport command may be
assigned to the vacant transport vehicle 6 (the transport vehicle 6 to
which the transport command can be assigned). In the embodiment,
the transport command assigned to or to be assigned to the transport
vehicle 6 may be cancelled for some reason.

Reference Signs List

[0055] 1 TRANSPORT SYSTEM

4 TRACK

6 TRANSPORT VEHICLE
8 BUFFER

10 ARTICLE
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12 PROCESSING APPARATUS

14 TRANSFER PORT

50a, 50b, 50c AREA CONTROLLER
60 HOST CONTROLLER

Aa, Ab,Ac AREA
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CLAIMS

1. A transport system comprising:

a track provided extending over a plurality of areas;

a plurality of transport vehicles traveling along the track;

an area controller having one of the areas as a control area and
controlling the transport vehicles within the control area;

a buffer provided at a position to and from which a transport
vehicle within the control areas is allowed to transfer an article and on
which the article can be temporarily placed; and

a host controller transmitting to the area controller a transport
command causing the transport vehicle to convey the article, wherein

the area controller, when the number of the transport vehicles
present within the control area is a prescribed number set in advance
and when receiving a first transport command for conveying the article
from a transfer port of the article for a processing apparatus within the
control area to a transport destination outside the control area from the
host controller, stores therein the first transport command and transmits
to the host controller a report indicating that the first transport command
is not capable of being assigned to the transport vehicle, and

the host controller, when receiving the report from the area
controller, when a buffer that is capable of placing the article is
available, transmits a command for deleting the stored first transport
command to the area controller, generates a second transport command
for conveying the article from the transfer port to the buffer, and

transmits the second transport command to the area controller.
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2. The transport system according to claim 1, wherein the area
controller, when storing the first transport command, when the number
of the transport vehicles present within the control area is larger than the
prescribed number and a transport vehicle to which the transport
command is capable of being assigned is available within the control

area, assigns the first transport command to the transport vehicle.

3. The transport system according to claim 1 or 2, wherein

the area controller assigns the second transport command
received from the host controller to the transport vehicle, and

the host controller, when transport of the article to the buffer is
completed by the transport vehicle to which the second transport
command has been assigned, generates a third transport command for
conveying the article from the buffer to a transport destination which
had been included in the first transport command or another transport
destination outside the control area and transmits the third transport

command to the area controller.

4. The transport system according to claim 3, wherein the area
controller, when the number of the transport vehicles present within the
control area is larger than the prescribed number and a transport vehicle
to which the transport command is capable of being assigned is
available within the control area, assigns the third transport command to

the transport vehicle.
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