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DESCRIPTION

Title of Invention

TRAVELING VEHICLE CONTROLLER AND TRAVELING
VEHICLE SYSTEM

Technical Field

[0001] One aspect of the present invention relates to a traveling vehicle
controller and a traveling vehicle system.

Background Art

[0002] Conventionally, a traveling vehicle controller configured to
assign, to any one of a plurality of traveling vehicles each configured to
travel on a travel path including branch points, a command to travel to a
destination point on the travel path has been known (see Patent
Literature 1, for example). In this traveling vehicle controller, the
command is commonly assigned to a traveling vehicle that is closest to
the destination point.

Citation List

Patent Literature

[0003] [Patent Literature 1] Japanese Patent No. 5278736

Summary of Invention

Technical Problem

[0004] In the above-described traveling vehicle controller, when the
command is assigned to a traveling vehicle that is approaching a branch
point on the travel path, the traveling vehicle may fail to change courses
toward the destination point at the branch point, and may detour to

travel toward the destination point. Consequently, arrival of the
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traveling vehicle at the destination point may be late.

[0005] One aspect of the present invention has been made in view of
the above-described circumstance, and an object thereof is to provide a
traveling vehicle controller and a traveling vehicle system that enable
the traveling vehicle to quickly reach the destination point.

Solution to Problem

[0006] A traveling vehicle controller according to one aspect of the
present invention is a traveling vehicle controller configured to assign,
to any one of a plurality of traveling vehicles each configured to travel
on a travel path including a branch point, a command to travel to a
destination point on the travel path. The traveling vehicle controller
includes a command assignment unit configured to detect a first-arrive
traveling vehicle being capable of reaching the destination point first
among the traveling vehicles, based on travel route candidates on which
the traveling vehicles travel along the travel path from respective
positions to reach the destination point, and assign the command to the
first-arrive traveling vehicle. In detection of the first-arrive traveling
vehicle, when a traveling vehicle traveling toward the branch point on
the travel path is located within a range of a branch-switching
impossible distance from the branch point and is scheduled to proceed
toward a main way at the branch point, the command assignment unit
performs pseudo-shift processing by which this traveling vehicle is
considered to be located in a position downstream of the branch point
and on a side of the main way.

[0007] When courses of a traveling vehicle that is traveling are changed

at the branch point, in order to switch a branch mechanism, for example,
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this traveling vehicle needs to be located apart from the branch point
with a distance longer than the branch-switching impossible distance.
Thus, for a traveling vehicle that is traveling toward the branch point on
the travel path and is located within the range of the branch-switching
impossible distance from the branch point, it is difficult to change
courses toward a branch way at the branch point (i.e., to travel along a
post-course-switch travel route), and the traveling vehicle has to
proceed toward the main way. In view of this, the traveling vehicle
controller according to this aspect of the present invention, by
performing the pseudo-shift processing, the traveling vehicle is
considered to be located at a position downstream of the branch point
and on the side of the main way. Consequently, a travel route on
which a traveling vehicle located within the range of the
branch-switching impossible distance from the branch point and
scheduled to travel toward the main way at the branch point, after this
moment as a starting point, proceeds toward the branch way when
passing through the branch point first is excluded from the travel route
candidates. Thus, a situation in which a traveling vehicle to which the
command has been assigned cannot change courses at the branch point
and detours to travel to the destination point can be avoided. This
enables a traveling vehicle to quickly reach the destination point.

[0008] In the traveling vehicle controller according to one aspect of the
present invention, the command assignment unit may calculate, for each
of the travel route candidates, a period of time required for each
traveling vehicle to travel thereon, and may detect, as the first-arrive

traveling vehicle, a traveling vehicle corresponding to a travel route
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candidate on which the period of time is shortest. This enables
accurate detection of the first-arrive traveling vehicle.

[0009] In the traveling vehicle controller according to one aspect of the
present invention, when having performed the pseudo-shift processing,
the command assignment unit may add a period of time required to
travel between a pseudo-position of the traveling vehicle subjected to
the pseudo-shift processing and an actual position of the traveling
vehicle to the period of time calculated for the travel route candidate
corresponding to the traveling vehicle. By this addition, the period of
time of the travel route candidate of the traveling vehicle subjected to
the pseudo-shift processing can be corrected.

[0010] In the traveling vehicle controller according to one aspect of the
present invention, in the pseudo-shift processing, the traveling vehicle
may be considered to be located downstream of the branch point and
within a distance range equal to or shorter than a vehicle length of the
traveling vehicle from the branch point. If the distance between the
pseudo-position and the actual position of the traveling vehicle
subjected to the pseudo-shift processing is longer, another traveling
vehicle i1s more likely to exist therebetween. In this case, even though
the other traveling vehicle can reach the destination point first, the
traveling vehicle subjected to the pseudo-shift processing is recognized
to be located in the pseudo-position, and thus there is a possibility that
the command is assigned to the traveling vehicle subjected to the
pseudo-shift processing. In this regard, in the traveling vehicle
controller according to this aspect of the present invention, because the

traveling vehicle is considered to be located within the distance range
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equal to or shorter than the vehicle length of the traveling vehicle from
the branch point, there is no possibility that another traveling vehicle
exists between the pseudo-position and the actual position of the
traveling vehicle subjected to the pseudo-shift processing. Thus, a
situation in which the command is assigned to the traveling vehicle
subjected to the pseudo-shift processing although the command should
be originally assigned to the other traveling vehicle can be avoided.
[0011] In the traveling vehicle controller according to one aspect of the
present invention, the branch-switching impossible distance may be set
so as to increase continuously or stepwise as the vehicle speed of the
traveling vehicle increases. In order to reliably change courses of the
traveling vehicle at the branch point, the branch-switching impossible
distance being upstream from the branch point tends to increase as the
vehicle speed of the traveling vehicle increases. Thus, in the traveling
vehicle controller according to this aspect of the present invention, the
branch-switching impossible distance can be set according to this
tendency.

[0012] A traveling vehicle controller according to one aspect of the
present invention is a traveling vehicle controller configured to assign,
to any one of a plurality of traveling vehicles each configured to travel
on a travel path including a branch point, a command to travel to a
destination point on the travel path. The traveling vehicle controller
includes a command assignment unit configured to detect a first-arrive
traveling vehicle being capable of reaching the destination point first
among the traveling vehicles, based on travel route candidates on which

the traveling vehicles travel along the travel path from respective
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positions to reach the destination point, and assign the command to the
first-arrive traveling vehicle. In detection of the first-arrive traveling
vehicle, in a case when a traveling vehicle traveling toward the branch
point on the travel path is located within a range of a branch-switching
impossible distance from the branch point and is scheduled to travel
toward a main way at the branch point, the command assignment unit
excludes, from the travel route candidates, a post-course-switch travel
route on which this traveling vehicle proceeds toward a branch way
when passing through the branch point first after the moment of the case
as a starting point.

[0013] In the traveling vehicle controller according to this aspect of the
present invention, in the detection of the first-arrive traveling vehicle,
when that traveling vehicle is located within the range of the
branch-switching impossible distance from the branch point, the
post-course-switch travel route is excluded from the travel route
candidates. Thus, a situation in which a traveling vehicle to which the
command has been assigned cannot change courses at the branch point
and detours to travel to the destination point can be avoided. This
enables a traveling vehicle to quickly reach the destination point.

[0014] A traveling vehicle system according to one aspect of the
present invention includes: a travel path including a branch point; a
plurality of traveling vehicles each configured to travel along the travel
path; and the traveling vehicle controller described above.

[0015] In this traveling vehicle system also, because it includes the
above-described traveling vehicle controller, an effect of enabling a

traveling vehicle to quickly reach the destination point can be obtained.
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Advantageous Effects of Invention

[0016] According to these aspects of the present invention, the traveling
vehicle controller and the traveling vehicle system that enable an empty
traveling vehicle to quickly reach the destination point can be provided.
Brief Description of Drawings

[0017] [FIG. 1] FIG. 1 is a schematic diagram illustrating a traveling
vehicle system according to one embodiment.

[FIG. 2] FIG 2 is a block diagram illustrating a functional
configuration of the traveling vehicle system according to the
embodiment.

[FIG. 3] FIG 3 is a schematic diagram for describing
pseudo-shift processing according to the embodiment.

[FIG. 4] FIG. 4 is another schematic diagram for describing the
pseudo-shift processing according to the embodiment.

[FIG. 5] FIG 5 is a flowchart illustrating the pseudo-shift
processing according to the embodiment.

[FIG. 6] FIG. 6 is a flowchart illustrating inverse route search
processing according to the embodiment.

[FIG. 7] FIG 7(a) is a diagram for describing details of the
inverse route search processing according to the embodiment. FIG
7(b) is a diagram for describing a continuation of FIG. 7(a).

[FIG. 8] FIG. 8(a) is a diagram for describing a continuation of
FIG. 7(b). FIG. &(b) is a diagram for describing a continuation of FIG.
8(a).

[FIG. 9] FIG 9(a) is a diagram for describing a continuation of
FIG. 8(b). FIG. 9(b) is a diagram for describing a continuation of FIG.
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9(a).

[FIG. 10] FIG. 10(a) is a diagram for describing a continuation
of FIG. 9(b). FIG. 10(b) is a diagram for describing a continuation of
FIG. 10(a).

[FIG. 11] FIG. 11 is a diagram for describing a continuation of
FIG. 10(b).

[FIG. 12] FIG 12 is a flowchart illustrating inverse route
search processing according to a modification.

Description of Embodiments

[0018] One embodiment will now be described with reference to the
drawings. In description of the drawings, like elements are designated
by like reference signs, and duplicate description is omitted. The scale
in the drawings does not necessarily coincide with the size of a
described object.

[0019] A traveling vehicle system 1 illustrated in FIG. 1 is a system in
which a traveling vehicle 3 travels along a track 2 installed on a ceiling
of a factory, for example. The traveling vehicle system 1 forms a
transport system configured to convey loads L. The loads L are
containers each configured to store a plurality of semiconductor wafers,
for example, and may be glass substrates and general parts, for example.
The traveling vehicle system 1 mainly includes the track 2, a plurality of
the traveling vehicles 3, and a traveling vehicle controller 4.

[0020] The track 2 is a predetermined travel path along which the
traveling vehicles 3 travel. The track 2 is a one-way travel path. In
other words, in the traveling vehicle system 1, as indicated by white

arrows in FIG. 1, the traveling direction (advancing direction) of each
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traveling vehicle 3 in the track 2 is set to be one direction, and traveling
in the opposite direction is prohibited. The track 2 is suspended from
the ceiling of a factory, for example. The track 2 includes a branch
point BP. The branch point BP is a point at which a branch way is
separated from a main way. The branch way corresponds to a
traveling direction (course direction) different from that of the main
way.

[0021] In the example of a track layout illustrated in FIG. 1, the track 2
includes two loop travel paths 2A, 2B and two communication travel
paths 2C, 2D that allow the loop travel paths 2A, 2B to communicate
with each other so that traveling vehicles 3 can travel therebetween.
At a position where the communication travel path 2C is connected to
the loop travel path 2A (branches off from the loop travel path 2A) and
a position where the communication travel path 2D is connected to the
loop travel path 2B (branches off from the loop travel path 2B), branch
points BP are provided. At the branch point BP on the loop travel path
2A, either one of communication travel path 2C and the loop travel path
2A downstream of the branch point BP serves as a main way, and the
other serves as a branch way.

[0022] Each traveling vehicle 3 is configured to be able to transfer a
load L. The traveling vehicle 3 is an overhead traveling automated
guided transport vehicle configured to travel along the track 2. The
traveling vehicle 3 is also called, for example, a carriage (traveling
carriage), an overhead traveling vehicle (overhead traveling carriage), or
a transport vehicle (transport carriage). The traveling vehicle 3

includes a position acquisition unit 31, a vehicle control unit 32, and a
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branch mechanism 33 as illustrated in FIG. 2 in addition to a mechanism
configured to transfer a load L to or from a load port, for example.
[0023] The position acquisition unit 31 is a unit configured to acquire
the position of the traveling vehicle 3 on the track 2. For example, the
position acquisition unit 31 includes a reading unit configured to read a
point mark (e.g., bar code) that is attached in plurality so as to be
aligned at regular intervals along the track 2 and an encoder. The
position acquisition unit 31 acquires positional information of the
traveling vehicle 3 in the track 2. The positional information of the
traveling vehicle 3 is obtained from information of a point mark
obtained by the reading unit and the encoder. This positional
information also includes information on a travel distance after the
traveling vehicle 3 passes through the point mark.

[0024] The vehicle control unit 32 controls operation of the traveling
vehicle 3. The vehicle control unit 32 is, for example, an electronic
control unit including a central processing unit (CPU), a read only
memory (ROM), and a random access memory (RAM). The vehicle
control unit 32 can be configured as, for example, software such that a
program stored in the ROM is loaded into the RAM to be executed by
the CPU. Herein, the vehicle control unit 32 may be configured as
hardware such as an electronic circuit.

[0025] The vehicle control unit 32 controls operation of the traveling
vehicle 3 on the basis of a transport command received from the
traveling vehicle controller 4. In the transport command, for example,
a loading port that is a load port on which a load L to be conveyed is

placed and an unloading port that is a load port to which the load L is to
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be conveyed are specified. The vehicle control unit 32 causes the
traveling vehicle 3 to travel to the loading port and load the load L
thereon, and then causes the traveling vehicle 3 travel to the unloading
port and unload the load L therefrom. The vehicle control unit 32
performs park control of causing the traveling vehicle 3 to travel to a
standby section where the traveling vehicle 3 is to be put on standby.
The vehicle control unit 32 performs ejection control of causing the
traveling vehicle 3 to travel so as to depart from the standby section.
Specific processes for the park control and the ejection control are not
limited to particular ones, and various known processes may be used.
[0026] The branch mechanism 33 is a mechanism configured to change
the traveling direction of the traveling vehicle 3 at a branch point BP.
The branch mechanism 33 switches a branch lever (not illustrated) in
accordance with the traveling direction of the traveling vehicle 3 at the
branch point BP. This switching requires a certain period of time.
[0027] The traveling vehicle 3 periodically transmits traveling
information on a traveling status of the traveling vehicle 3 to the
traveling vehicle controller 4. The traveling information is information
representing a state of the traveling vehicle 3 itself. The traveling
information includes at least the positional information of the traveling
vehicle 3, vehicle speed information of the traveling vehicle 3,
information on the presence or absence of a load L, information on
whether the traveling vehicle 3 is traveling (e.g., whether is performing
the park control or the ejection control), and, if the traveling vehicle 3 is
traveling, a travel schedule route related to a schedule of this traveling

(travel plan).
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[0028] As illustrated in FIG. 1 and FIG. 2, the traveling vehicle
controller 4 serves as a host controller for the vehicle control unit 32.
For example, when having received a loading request to acquire a load
L in a loading port SP from a manufacturing controller (not illustrated)
or the like, the traveling vehicle controller 4 generates a transport
command corresponding to this loading request. The loading port SP
is a port on which a load L requested to be loaded among a plurality of
ports aligned parallel to each other along the track 2. Examples of this
port include a load port of a processing device, a loading-and-unloading
port of a stocker, and a buffer as a place where a load L is temporarily
stored. The loading port SP is also called a from-port (departure port).
A method for generating the transport command is not limited to a
particular one, and various known methods may be used.

[0029] The transport command includes at least a command to cause
the traveling vehicle 3 to travel to a destination point P corresponding to
the position of the loading port SP on the track 2. The destination
point P is a position where a load L can be loaded (carried) from the
loading port SP, and is a position around or a position adjacent to the
loading port SP. The destination point P is a target position of
traveling in response to the transport command. The transport
command includes a command to cause the traveling vehicle 3 to load a
load L thereon at the loading port SP. The traveling vehicle controller
4 assigns the transport command to an empty traveling vehicle 3E of a
plurality of traveling vehicles 3 (details thereof will be described later).
The empty traveling vehicle 3E is a traveling vehicle 3 to which a

transport command has not been assigned, including a traveling vehicle
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3 that is empty without a load L being conveyed.

[0030] The traveling vehicle controller 4 includes an input unit 41, a
display unit 42, a communication unit 43, and a command assignment
unit 44. The input unit 41 is, for example, a unit that includes a
keyboard and a mouse and to which various operations and various set
values are input by a user. The display unit 42 is, for example, a unit
including a liquid crystal display and configured to display, for example,
a screen for various settings and display a screen for inputs input with
the input unit 41. The communication unit 43 is a processing unit
configured to communicate with another device, for example. The
communication unit 43, for example, transmits a transport command to
a traveling vehicle 3 and receives traveling information of the traveling
vehicle 3 via a wireless communication network.

[0031] The command assignment unit 44 is, for example, an electronic
control unit including a CPU, a ROM, and a RAM. The command
assignment unit 44 can be configured as software such that, for
example, a program stored in the ROM is loaded into the RAM to be
executed by the CPU. Herein, the control unit 40 may be configured
as hardware such as an electronic circuit.

[0032] The command assignment unit 44 detects a first-arrive empty
traveling vehicle (first-arrive traveling vehicle, hereinafter, simply
called "first-arrive empty traveling vehicle") that can reach the
destination point P first among a plurality of empty traveling vehicles
3E on the basis of a plurality of travel route candidates on which the
empty traveling vehicles 3E travel along the track 2 from the respective

positions thereof to reach the destination point P. Specifically, the
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command assignment unit 44 detects the first-arrive empty traveling
vehicle on the basis of the respective total costs of the travel route
candidates. The command assignment unit 44 calculates the total costs
of the respective travel route candidates, and detects as the first-arrive
empty traveling vehicle an empty traveling vehicle 3E corresponding to
a travel route candidate the total cost of which is the lowest. The
command assignment unit 44 assigns a transport command to the
first-arrive empty traveling vehicle thus detected.

[0033] Each travel route candidate is a candidate of the locus of an
empty traveling vehicle 3E to travel, which is set between the position
of the empty traveling vehicle 3E and the destination point P on the
track 2. The total cost is a period of time required for the traveling
vehicle 3 to travel on the travel route candidate. The total cost can be
determined based on a route distance that is a distance along an itinerary
(locus) of the travel route candidate and the estimated vehicle speed of
the traveling vehicle 3. For the total cost, a time required for a straight
route is shorter even if the route distance is long, and a time required for
a curved route is longer even if the distance is short. The total cost is a
value obtained by adding up a cost along the travel route candidate.
For sections (inter-point mark sections) that are separated by the
respective point marks attached to the track 2, the cost corresponds to a
time required for the traveling vehicle 3 to travel in each section. A
cost is set (assigned) to each point mark in advance. The total cost will
be described later in detail.

[0034] Herein, in detection of the first-arrive empty traveling vehicle, in

a case when an empty traveling vehicle 3E traveling toward a branch
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point BP is located within a range of a branch-switching impossible
distance Z from the branch point BP and is scheduled to travel toward a
main way at the branch point BP, the command assignment unit 44
excludes from the travel route candidates a post-course-switch travel
route that is a travel route on which this empty traveling vehicle 3E
proceeds toward a branch way when passing through the branch point
BP first after the moment of the case as a starting point (hereinafter,
simply called "post-course-switch travel route").

[0035] The branch-switching impossible distance Z corresponds to a
distance needed to switch the branch mechanism 33 from its current
state in which the traveling vehicle 3 is to branch off toward the main
way or toward the branch way at the branch point BP to a state in which
the traveling vehicle 3 is to branch off toward the opposite branch way.
Because the traveling vehicle 3 switches the branch mechanism 33
while traveling on the track 2, the branch-switching impossible distance
Z 1is, in other words, a shortest travel distance needed to switch the
branch mechanism 33 to the state in which the traveling vehicle 3 is to
branch off toward the opposite branch way while traveling. When the
distance between the traveling vehicle 3 and the branch point BP is
shorter than the branch-switching impossible distance Z, the traveling
vehicle 3 cannot switch the branch mechanism 33 to the state in which it
is to branch off toward the opposite branch way before reaching to the
branch point BP. The branch-switching impossible distance Z is a
threshold that is set in advance and stored. The branch-switching
impossible distance Z is set so as to increase continuously or stepwise as

the vehicle speed of the empty traveling vehicle 3E increases. The
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branch-switching impossible distance Z herein is set for each of a short
distance, a middle distance, and a long distance depending on the cases
when the vehicle speed of the empty traveling vehicle 3E is low, middle,
and high, respectively, as exemplified below, for example. The
branch-switching impossible distance Z can be determined by tests,
experiences, or a simulation, for example.

Low speed (lower than 1000 mm/s): Short distance

Middle speed (equal to or higher than 1000 mm/s and
lower than 2000 mm): Middle distance

High speed (higher than 2000 mm/s): Long distance
[0036] The position of the empty traveling vehicle 3E that is a criterion
for determining whether it is located within the range of the
branch-switching impossible distance Z is not limited to a particular
one, and may be a position of the reading unit of the position acquisition
unit 31 in the empty traveling vehicle 3E, or may be a central position
(position of the center of gravity), a front-end position, or a rear-end
position of the empty traveling vehicle 3E. The position of the branch
point BP as a starting point of the branch-switching impossible distance
Z is not limited to a particular one, and may be set with respect to a
point of intersection of the respective central lines of the main way and
the branch way, or may be set with respect to any point in an area
required for branching on the track 2.
[0037] The command assignment unit 44 as described above performs
specifically pseudo-shift processing and inverse route search processing
(search processing).  The following describes the pseudo-shift

processing and the inverse route search processing.
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[Pseudo Shift Processing]

[0038] As illustrated in FIG. 3 and FIG. 4, when an empty traveling
vehicle 3E traveling toward a branch point BP on the track 2 is located
within a range of a branch-switching impossible distance Z from the
branch point BP and is scheduled to travel toward the main way at the
branch point BP, the pseudo-shift processing considers, in detection of
the first-arrive empty vehicle, that the empty traveling vehicle 3E is
located at a position downstream of the branch point BP and on the side
of the main way. Specifically, when the remaining distance for the
empty traveling vehicle 3E up to the branch point BP is shorter than the
branch-switching impossible distance Z, the pseudo-shift processing
virtually shifts the position of the empty traveling vehicle 3E recognized
by the traveling vehicle controller 4 from upstream of the branch point
BP to downstream thereof on the travel schedule route of the empty
traveling vehicle 3E.  In other words, the pseudo-shift processing shifts
the position (actual position) of the empty traveling vehicle 3E that is
approaching to a distance equal to or shorter than the branch-switching
impossible distance Z from the branch point BP to a position
(pseudo-position) on the side of the main way that is downstream of the
branch point BP and on which the empty traveling vehicle 3E is
scheduled to travel in recognition of the traveling vehicle controller 4.
[0039] The example illustrated in FIG. 3 and FIG. 4 is an example in
which an empty traveling vehicle 3E proceeds straight at a branch point
BP (proceeds toward the loop travel path 2A at the branch point BP).
In this example, the pseudo-shift processing fictitiously considers the

position of the empty traveling vehicle 3E that is traveling upstream of
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the branch point BP on the track 2 and within the range of the
branch-switching impossible distance Z as a position on the loop travel
path 2A on the side of proceeding straight downstream of the branch
point BP.

[0040] As illustrated in FIG. 4, the pseudo-shift processing considers
that the empty traveling vehicle 3E is located downstream of the branch
point BP and within a distance range K equal to or shorter than the
vehicle length of the empty traveling vehicle 3E from the branch point
BP. In other words, the pseudo-shift processing causes the position of
the empty traveling vehicle 3E to jump from upstream of the branch
point BP to downstream thereof, and the landing spot is set to be
immediately ahead of the branch point BP. For example, the position
of a point mark attached immediately downstream of the branch point
BP on the track 2 is located apart from the branch point BP by a distance
equal to or shorter than the vehicle length of the empty traveling vehicle
3E, and thus the pseudo-shift processing sets the position of this point
mark as a pseudo-position. The pseudo-shift processing is periodically
performed. Herein, the pseudo-shift processing is performed every
time when new traveling information is received.

[0041] As one example, in the pseudo-shift processing, a series of
processes illustrated in FIG. 5 is performed for each of the traveling
vehicles 3 in a periodically repeated manner. Specifically, to begin
with, traveling information is acquired from each traveling vehicle 3
(step S1). Based on the traveling information, whether the traveling
vehicle 3 is an empty traveling vehicle 3E and is traveling 1s determined

(step S2). If YES at step S2 above, based on the traveling information,
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whether the empty traveling vehicle 3E is located upstream of a branch
point BP and within a range of a branch-switching impossible distance
Z is determined (step S3).

[0042] If YES at step S3 above, the position of the empty traveling
vehicle 3E internally recognized by the traveling vehicle controller 4 is
fictitiously shifted from the actual position (position upstream of the
branch point BP) based on the traveling information to a
pseudo-position (pseudo-position downstream of the branch point BP
and on the side of a main way for which the empty traveling vehicle 3E
is heading) (step S4). If NO at step S2 above, if NO at step S3 above,
or after step S4 above, the series of processes in this period is
completed, and then step S1 above is performed again in the next
period.

[0043] By the pseudo-shift processing described above, when the
traveling vehicle controller 4 has recognized that the empty traveling
vehicle 3E is located in the pseudo-position, a post-course-switch travel
route is not searched for in the inverse route search processing described
later, that is, the post-course-switch travel route is excluded from a
plurality of travel route candidates that are used as references in
detection of the first-arrive empty traveling vehicle.

[0044] [Inverse Route Search Processing]

The inverse route search processing searches for a shortest travel
route candidate that is a travel route candidate the total cost of which is
smallest, and detects as a first-arrive empty traveling vehicle an empty
traveling vehicle 3E corresponding to the shortest travel route candidate

thus searched for. The shortest travel route candidate is a travel route
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candidate that enables quickest arrival at the destination point P. The
inverse route search processing is performed when the traveling vehicle
controller 4 has generated a transport command.

[0045] Specifically, the inverse route search processing includes first to
fifth processes. The first process examines routes on the track 2 so as
to trace them from the destination point P in a direction opposite to the
traveling direction of each empty traveling vehicle 3E, thereby
searching for a travel route candidate. The second process sets the
travel route candidate searched for in the first process as a shortest
travel route candidate, and also sets the total cost of this travel route
candidate as a minimum cost (shortest period of time). The third
process examines routes on the track 2 so as to trace them from the
destination point P in a direction opposite to the traveling direction of
each empty traveling vehicle 3E, thereby searching for a travel route
candidate the total cost of which is smaller than the minimum cost.
The fourth process sets the travel route candidate searched for in the
third process as a shortest travel route candidate, and also sets the total
cost of this travel route candidate as a minimum cost, and then returns to
the third process. If a travel route candidate cannot be searched for in
the third process and unexamined routes have become depleted on the
track 2, the fifth process ends the processing.

[0046] As one example, in the inverse route search processing, a series
of processes illustrated in FIG. 6 is performed when the traveling
vehicle controller 4 has generated a transport command. Specifically,
to begin with, the positions of a plurality of empty traveling vehicles 3E

and the position of the destination point P in the generated transport
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command are recognized (step SI11). A travel route candidate is
searched for, the travel route candidate searched for is set as a shortest
travel route candidate, and also the total cost of this travel route
candidate is set as a minimum cost to be stored in the traveling vehicle
controller 4 (step S12).

[0047] A travel route candidate the total cost of which is smaller than
the minimum cost on the track 2 is searched for (step S13). Whether
the searching at step S13 above has succeeded and a new travel route
candidate the total cost of which is smaller than the minimum cost has
been found is determined (step S14). If YES at step S14 above, the
travel route candidate that has been searched for is set as a shortest
travel route candidate and also the total cost of this travel route
candidate is set as a minimum cost to be stored (overwritten) in the
traveling vehicle controller 4 (step S15). Subsequently, the processing
returns to the process of step S13 above.

[0048] If NO at step S14 above, whether unexamined routes have
become depleted on the track 2 is determined (step S16). If NO at step
S16 above, the processing returns to the process of step S13 above. If
YES at step S16 above, the empty traveling vehicle 3E of the shortest
travel route candidate is detected as a first-arrive empty traveling
vehicle, and the inverse route search processing ends (step S17).

[0049] FIG. 7 to FIG. 11 are diagrams for illustrating and describing
details of the inverse route search processing. In the following
description, an example of another track layout is used that is different
from the track layout of FIG. 1 for convenience in description. In the

example of the track layout illustrated in FIG. 7 to FIG. 11, the track 2 is
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depicted with a plurality of point marks I1 to 123 attached to the track 2
and links between the point marks I1 to [23. A destination point P of a
transport command corresponds to the position of the point mark IS8.
An empty traveling vehicle 3E is in a position corresponding to the
point mark 12.
[0050] In the traveling vehicle controller 4, cost tables set in advance
for the respective point marks I1 to 123 are stored. In each cost table, a
cost is set for each point mark to be traced in examination. For
example, the cost table for the point mark I4 includes information in
which the cost of examination tracing the point mark I5 is 1, the cost of
examination tracing the point mark I11 is 2, and the cost of examination
tracing the point mark 13 is 1. The cost tables can be constructed by
tests, experiences, or a simulation, for example. The cost tables can be
constructed depending on, for example, lengths and shapes of links that
are connected to the corresponding point marks.
[0051] As illustrated in FIG. 7(a), to begin with, routes are examined so
as to be traced from the point mark I8 corresponding to the destination
point P in a direction opposite to the traveling direction of the empty
traveling vehicle 3E to prepare a route table RO. In the route table RO,
as expressed by Formula (1) below, the point marks I8, 17, 16 that are
aligned in the order of tracing in the examination are set as route data.
RO=18,17,16 ...(1)
[0052] At the same time, costs are added up by referring to the cost
tables of the respective point marks I8, 17, 16 traced in the route
examination to calculate the total cost of the route table RO. For

example, the cost of route examination tracing the point mark 17 is 1 in
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the cost table for the point mark I8, and the cost of route examination
tracing the point mark 16 is 1 in the cost table for the point mark 17, and
thus the total cost of the route table RO herein is 2.
[0053] Subsequently, because the point mark 16 corresponds to a
merging point (branch point in the inverse route search processing) of
the track 2, a route table R1 is newly prepared, and the route tables RO,
R1 of Formulas (2), (3) below are set. At the same time, costs are
added up for the respective route tables RO, R1 to calculate the total
costs of the route tables RO, R1.

RO=18,17,16,15 ...(2)

R1=18,17,16,123 ...(3)
[0054] As illustrated in FIG. 7(b), for the route table RO, the route
examination is continued, and also costs are added up to calculate the
total cost. Consequently, the empty traveling vehicle 3E is found at the
position of the point mark 12, and the route table RO of Formula (4)
below is searched for as information of the shortest travel route
candidate, whereby the route examination of the route table RO is
completed. At the same time, the total cost of the route table RO is
stored as the minimum cost.

RO=18, 17,16, 15,14, 13,12 ...(4)
[0055] Herein, in order to reduce the amount of route data, point marks
set in the route tables may be limited to point marks that correspond to
any of the destination point P, the branch point BP, and the empty
traveling vehicle 3E. Thus, Formula (4) above may be rewritten as
Formula (5) below. Hereinafter, the same applies to other route tables.

RO=18,14, 13,12 ..(5)
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[0056] As illustrated in FIG. 8(a), for the route table R1, the route
examination is continued, and also costs are added up to calculate the
total cost. Thus, the route table R1 of Formula (6) below is set.

R1 =18, 123, 122, 121, 120, 119, 118 ...(6)
[0057] Subsequently, because the point mark 118 corresponds to a
merging point of the track 2, a route table R2 is newly prepared, and the
route tables R1, R2 of Formulas (7), (8) below are set. At the same
time, costs are added up for the respective route tables R1, R2 to
calculate the total costs of the route tables R1, R2.

R1 =18, 123, 122, 121, 120, 119, 118, 117 ...(7)

R2 =18, 123, 122, 121, 120, 119, 118, 124 ...(8)
[0058] As illustrated in FIG. 8(b), for the route table R1, the route
examination is continued, and also costs are added up to calculate the
total cost. Thus, the route table R1 of Formula (9) below is set.

R1=18, 123,113,112, 111 ...(9)
[0059] Subsequently, because the point mark I11 corresponds to a
merging point of the track 2, a route table R3 is newly prepared, and
thus the route tables R1, R3 of Formulas (10), (11) below are set. At
the same time, costs are added up for the respective route tables R1, R3
to calculate the total costs of the route tables R1, R3.

R1=18, 123,113,112, 111, 14 ...(10)

R3 =18, 123,113,112, 111, 110 ...(11)
[0060] As illustrated in FIG. 9(a), for the route table R1, the route
examination is continued, and also costs are added up to calculate the
total cost. Thus, the route table R1 of Formula (12) is set.

Consequently, the empty traveling vehicle 3E is found at the position of
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the point mark 12, and the route examination of the route table R1 is
completed. If the total cost of the route table R1 is smaller than the
minimum cost that is currently stored, the route table R1 of Formula
(12) below is searched for as information of the shortest travel route
candidate, and also the currently stored one is overwritten with the total
cost of the route table R1 as the minimum cost. However, in route
examination in the route table R1, at the time when the total cost has
exceeded the minimum cost, further examination is not necessary, and
thus the examination may be stopped (the same applies to the other
route examination).

R1=18,123,113,14,13,12 ...(12)
[0061] As illustrated in FIG. 9(b), for the route table R2, the route
examination is continued, and also costs are added up to calculate the
total cost. Thus, the route table R2 of Formula (13) below is set.

R2 =18, 123,113,112, I11 ...(13)
[0062] Subsequently, because the point mark I11 corresponds to a
merging point of the track 2, a route table R4 is newly prepared, and the
route tables R2, R4 of Formulas below (14), (15) are set. At the same
time, costs are added up for the respective route tables R2, R4 to
calculate the total costs of the route tables R2, R4.

R2 =18, 123,113,112, 111, 14 ...(14)

R4 =18, 123,113,112, 111, 110 ...(15)
[0063] As illustrated in FIG. 10(a), for the route table R2, the route
examination is continued, and also costs are added up to calculate the
total cost. Thus, the route table R2 of Formula (16) below is set.

Consequently, the empty traveling vehicle 3E is found at the position of
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the point mark 12, and the route examination of the route table R2 is
completed. If the total cost of the route table R2 is smaller than the
minimum cost that is currently stored, the route table R2 of Formula
(16) below is searched for as information of the shortest travel route
candidate, and also the currently stored one is overwritten with the total
cost of the route table R2 as the minimum cost.

R2 =18,123,113, 14,13, 12 ...(16)
[0064] As illustrated in FIG. 10(b), for the route table R3, the route
examination is continued, and also costs are added up to calculate the
total cost. Thus, the route table R3 of Formula (17) below is set.
Because the route table R3 contains the point mark 123 two times (i.e.,
contains a point mark that has been already traced), it is considered at
this point of time further examination is not necessary, and the
examination is stopped.

R3 =18, 123,113, 112, 111, 110, 123 ...(17)
[0065] As illustrated in FIG. 11, for the route table R4, the route
examination is continued, and also costs are added up to calculate the
total cost. Thus, the route table R4 of Formula (18) below is set.
Because the route table R4 contains the point mark 123 two times (i.e.,
contains a point mark that has been already traced), it is considered at
this point of time that further examination is not necessary, and the
examination is stopped. Subsequently, because unexamined routes
have become depleted on the track 2, the empty traveling vehicle 3E of
the shortest travel route candidate is set as a first-arrive empty traveling
vehicle, and the inverse route search processing is completed.

R4 =18, 123,113,112, 111, 110, 123 ...(18)
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[0066] As described above, in the inverse route search processing, the
following condition for allowing search, the following condition for
stopping the search, and the following condition for ending the search
are set, and under these conditions, routes are to be examined.
Condition for allowing search:
- when an empty traveling vehicle 3E has been found
and the total cost is smaller than the minimum cost
Condition for stopping search:
- when returning to the point mark of a destination point
P for which examination has been started
- when returning to the point mark of a branch point BP
that has been already traced
- when the total cost exceeds the minimum cost
Condition for ending search:
- when unexamined routes have become depleted
[0067] As described above, in the traveling vehicle controller 4 and the
traveling vehicle system 1, if the distance from a branch point BP to the
position of an empty traveling vehicle 3E that is traveling is equal to or
shorter than the branch-switching impossible distance Z, the branch
mechanism cannot be switched before the branch point BP is reached.
Thus, it is determined that this empty traveling vehicle 3E cannot
change at the branch point BP the course direction into which it is
scheduled to proceed (the empty traveling vehicle 3E has to proceed at
the branch point BP in the course direction in which it is scheduled to
proceed), and the post-course-switch travel route is excluded from a

plurality of travel route candidates that are used as references in
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detection of the first-arrive empty traveling vehicle. Thus, a situation
in which the empty traveling vehicle 3E to which the transport
command has been assigned cannot change courses at the branch point
BP and detours to travel to the destination point P can be avoided.
[0068] Consequently, in the example of the track layout illustrated in
FIG. 1, the transport command can be assigned to, instead of the empty
traveling vehicle 3E that has to proceed to the destination point P after
traveling one round on the loop travel path 2A, the empty traveling
vehicle 3E that can reach the destination point P in the shortest time on
the loop travel path 2B. The traveling vehicle controller 4 can improve
the method of selecting a traveling vehicle when assigning the transport
command to the optimum empty traveling vehicle 3E. In
consideration of whether an empty traveling vehicle 3E can proceed
toward the destination point P at a branch point BP and on the basis of
the positional relation between the empty traveling vehicle 3E and the
destination point P, the transport command can be assigned to an empty
traveling vehicle 3E that can reach the destination point P first. This
enables an empty traveling vehicle 3E to quickly reach the destination
point P.

[0069] In the traveling vehicle controller 4 and the traveling vehicle
system 1, when an empty traveling vehicle 3E traveling toward a branch
point BP on the track 2 is located within a range of a branch-switching
impossible distance Z from the branch point BP and is scheduled to
proceed toward a main way at the branch point BP, the pseudo-shift
processing is performed. By the pseudo-shift processing, this empty

traveling vehicle 3E can be considered to be located downstream of the

28



10

15

20

25

FP19-0011-00

branch point BP and on the side of the main way. Thus, the
post-course-switch travel route is excluded from the travel route
candidates. Thus, a situation in which the empty traveling vehicle 3E
to which the transport command has been assigned cannot change
courses at the branch point BP and detours to travel to the destination
point P can be avoided.

[0070] The traveling vehicle controller 4 and the traveling vehicle
system 1 perform the inverse route search processing of searching for a
shortest travel route candidate that is a travel route candidate the total
cost of which is smallest and detecting as a first-arrive empty traveling
vehicle an empty traveling vehicle 3E corresponding to the shortest
travel route candidate thus searched for. Thus, the first-arrive empty
traveling vehicle can be accurately detected.

[0071] If the distance between the pseudo-position of an empty
traveling vehicle 3E subjected to the pseudo-shift processing and the
actual position thereof is longer, another empty traveling vehicle 3E is
more likely to exist therebetween. In this case, even though the other
empty traveling vehicle 3E can reach the destination point P first, the
empty traveling vehicle 3E subjected to the pseudo-shift processing has
been recognized to be located in the pseudo-position, and thus there is a
possibility that the command is assigned to the empty traveling vehicle
3E subjected to the pseudo-shift processing. In this regard, in the
pseudo-shift processing of the traveling vehicle controller 4 and the
traveling vehicle system 1, the empty traveling vehicle 3E is considered
to be located downstream of the branch point BP and within the distance

range K equal to or shorter than the vehicle length of the empty
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traveling vehicle 3E from the branch point BP. This eliminates the
possibility that another empty traveling vehicle 3E exists between the
pseudo-position of the empty traveling vehicle 3E subjected to the
pseudo-shift processing and the actual position thereof. This makes it
possible to avoid a situation in which the transport command is assigned
to the empty traveling vehicle 3E subjected to the pseudo-shift
processing because the pseudo-shift processing has been performed
thereon although the transport command should be originally assigned
to the other empty traveling vehicle 3E.

[0072] In order to reliably change courses of an empty traveling vehicle
3E at a branch point BP, the branch-switching impossible distance Z
being upstream from the branch point BP tends to increase as the
vehicle speed of the empty traveling vehicle 3E increases. In view of
this, in the traveling vehicle controller 4 and the traveling vehicle
system 1, the branch-switching impossible distance Z is set so as to
increase continuously or stepwise as the vehicle speed of the empty
traveling vehicle 3E increases. Thus, the branch-switching impossible
distance Z can be set according to this tendency.

[0073] In the traveling vehicle controller 4 and the traveling vehicle
system 1, the inverse route search processing includes: the first process
of examining routes on the track 2 so as to trace them from the
destination point P in a direction opposite to the traveling direction of
each empty traveling vehicle 3E, thereby searching for a travel route
candidate; the second process of setting the travel route candidate
searched for in the first process as a shortest travel route candidate, and

also setting the total cost of this travel route candidates as a minimum
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cost; the third process of examining routes on the track 2 so as to trace
them from the destination point P in a direction opposite to the traveling
direction of each empty traveling vehicle 3E, thereby searching for a
travel route candidate the total cost of which is smaller than the
minimum cost; the fourth process of setting the travel route candidate
searched for in the third process as a shortest travel route candidate, and
also setting the total cost of this travel route candidate as a minimum
cost, and then returning to the third process; and the fifth process of
ending the processing if a travel route candidate cannot be searched for
in the third process and unexamined routes have become depleted on the
track 2. Thus, the inverse route search processing can be specifically
and effectively performed.

[0074] Although one embodiment has been described above, one aspect
of the present invention is not limited to the embodiment above, and
various modification may be made within a scope of the gist of the
invention.

[0075] In the above-described embodiment, when the pseudo-shift
processing is performed, the command assignment unit 44 may add a
correction cost corresponding to the period of time required for an
empty traveling vehicle 3E subjected to the pseudo-shift processing to
travel between the pseudo-position of the empty traveling vehicle 3E
and the actual position thereof to the total cost of the route table of the
empty traveling vehicle 3E in the inverse route search processing (the
period of time calculated for the travel route candidate corresponding to
the empty traveling vehicle 3E).

[0076] For example, as illustrated in FIG. 12, in the inverse route search
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processing, if YES at step S14 above, whether the empty traveling
vehicle 3E of the travel route candidate search for is subjected to the
pseudo-shift processing is determined (step S21). If NO at step S21
above, the travel route candidate searched for is set as the shortest travel
route candidate, and also the total cost of this travel route candidate is
set as the minimum cost to be stored in the traveling vehicle controller 4
(step S22). Subsequently, the processing returns to the process of step
S13 above.

[0077] If YES at step S21 above, whether a value obtained by adding
the correction cost to the total cost of the travel route candidate searched
for is smaller than the minimum cost is determined (step S23). If YES
at step S23 above, the travel route candidate searched for is set as the
shortest travel route candidate, and the value obtained by adding the
correction cost to the total cost of this travel route candidates is set as
the minimum cost to be stored in the traveling vehicle controller 4 (step
S24). Subsequently, the processing returns to the process of step S13
above. If NO at step S23 above, the processing returns to the process
of step S13 above. Herein, the correction cost may be calculated when
the pseudo-shift processing is performed, and may be stored in the
traveling vehicle controller 4.

[0078] By this addition of the correction cost, the total cost of the route
table of the empty traveling vehicle 3E subjected to the pseudo-shift
processing can be corrected. This makes it possible to, while
considering that the empty traveling vehicle 3E is located downstream
of the branch point BP, calculate the total cost in the inverse route

search processing on the basis of the positional relation between the
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actual position of the empty traveling vehicle 3E and the destination
point P.

[0079] In the above-described embodiment, the traveling vehicle
controller 4 performs the pseudo-shift processing, thereby consequently
excluding the post-course-switch travel route from the travel route
candidates that are used as references in detection of the first-arrive
empty traveling vehicle. However, the present invention is not limited
to this. The traveling vehicle controller 4 may, without performing the
pseudo-shift processing, estimate routes based on traveling information
of the empty traveling vehicles 3E and directly exclude the
post-course-switch travel route from the travel route candidates that are
used as references in detection of the first-arrive empty traveling
vehicle. For example, based on the actual position, the vehicle speed,
and the travel schedule route of each empty traveling vehicle 3E, route
examination in the inverse route search processing may be performed
with a route table corresponding to the post-course-switch travel route
being excluded.

[0080] Although costs or total costs are used in the above-described
embodiment, the present invention is not limited to this. For example,
route distances may be used. Other various parameters may be used if
they indicate a period of time required for each traveling vehicle 3 to
travel.

[0081] Track layouts in the above-described embodiment are not
limited to the examples in FIG. 1, and FIG. 7 to FIG. 11, and various
track layouts may be used. The embodiment above has been described

in which the traveling vehicles 3 are overhead traveling vehicles as one
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example. However, other examples of the traveling vehicles include
automated guided traveling vehicles and stacker cranes configured to
travel on a track installed on the ground or abutments.

[0082] In the above-described embodiment, in the inverse route search
processing, when routes are examined so as to be traced from the
destination point P on the track 2 in a direction opposite to the traveling
direction, when an empty traveling vehicle 3E has been found for the
first time (in the case of the first finding of the empty traveling vehicle
3E), and if this empty traveling vehicle 3E is traveling toward a branch
point BP on the track 2, is located within the range of the
branch-switching impossible distance Z from the branch point BP, and
is scheduled to proceed toward the main way at the branch point BP, this
finding may be ignored. By this process, the post-course-switch travel
route is excluded from the travel route candidates, whereby a situation
in which the empty traveling vehicle 3E to which the transport
command is assigned detours to travel to the destination point P can be
avoided, and an empty traveling vehicle 3E can be made to quickly
reach the destination point P.

Reference Signs List

[0083] 1 ... traveling vehicle system, 2 ... track (travel path), 3 ...
traveling vehicle, 3E ... empty traveling vehicle (traveling vehicle), 4 ...
traveling vehicle controller, 44 ... command assignment unit, BP ...
branch point, L ... load, P ... destination point, Z ... branch-switching

impossible distance
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CLAIMS

1. A traveling vehicle controller configured to assign, to any one of
a plurality of traveling vehicles each configured to travel on a travel
path including a branch point, a command to travel to a destination
point on the travel path, the traveling vehicle controller comprising a
command assignment unit configured to detect a first-arrive traveling
vehicle being capable of reaching the destination point first among the
traveling vehicles, based on travel route candidates on which the
traveling vehicles travel along the travel path from respective positions
to reach the destination point, and to assign the command to the
first-arrive traveling vehicle, wherein,

in detection of the first-arrive traveling vehicle, when a traveling
vehicle traveling toward the branch point on the travel path is located
within a range of a branch-switching impossible distance from the
branch point and is scheduled to proceed toward a main way at the
branch point, the command assignment unit performs pseudo-shift
processing by which this traveling vehicle is considered to be located in
a position downstream of the branch point and on a side of the main

way.

2. The traveling vehicle controller according to claim 1, wherein
the command assignment unit

calculates, for each of the travel route candidates, a period of
time required for each traveling vehicle to travel thereon, and

detects, as the first-arrive traveling vehicle, a traveling vehicle
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corresponding to a travel route candidate on which the period of time is

shortest.

3. The traveling vehicle controller according to claim 2, wherein
when having performed the pseudo-shift processing, the command
assignment unit adds a period of time required to travel between a
pseudo-position of the traveling vehicle subjected to the pseudo-shift
processing and an actual position of the traveling vehicle to the period
of time calculated for the travel route candidate corresponding to the

traveling vehicle.

4. The traveling vehicle controller corresponding to claim 1,
wherein, in the pseudo-shift processing, the traveling vehicle is
considered to be located downstream of the branch point and within a
distance range equal to or shorter than a vehicle length of the traveling

vehicle from the branch point.

5. The traveling vehicle controller according to any one of claims 1
to 4, wherein the branch-switching impossible distance is set so as to
increase continuously or stepwise as the vehicle speed of the traveling

vehicle increases.

6. A traveling vehicle controller configured to assign, to any one of
a plurality of traveling vehicles each configured to travel on a travel
path including a branch point, a command to travel to a destination

point on the travel path, the traveling vehicle controller comprising a
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command assignment unit configured to detect a first-arrive traveling
vehicle being capable of reaching the destination point first among the
traveling vehicles, based on travel route candidates on which the
traveling vehicles travel along the travel path from respective positions
to reach the destination point, and to assign the command to the
first-arrive traveling vehicle, wherein,

in detection of the first-arrive traveling vehicle, in a case when a
traveling vehicle traveling toward the branch point on the travel path is
located within a range of a branch-switching impossible distance from
the branch point and is scheduled to travel toward a main way at the
branch point, the command assignment unit excludes, from the travel
route candidates, a post-course-switch travel route on which this
traveling vehicle proceeds toward a branch way when passing through

the branch point first after the moment of the case as a starting point.

7. A traveling vehicle system comprising:

a travel path including a branch point;

a plurality of traveling vehicles each configured to travel along
the travel path; and

the traveling vehicle controller according to any one of claims 1

to 6.
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