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DESCRIPTION
COMMUNICATION SYSTEM, COMMUNICATION METHOD, AND WIRELESS

BASE STATION

TECHNICAL FIELD

[0001] This invention mainly relates to wireless communication between a wireless
communication device and a wireless base station. More particularly, it relates to
determining a transmission rate according to a position of the wireless communication

device that moves.

BACKGROUND ART

[0002] Conventionally, there are known wireless communication devices that use trial
communication to determine the transmission rate to be used in wireless communication
between devices that communicate with each other before starting normal wireless
communication. PTL 1 discloses this type of wireless communication device.

[0003] The wireless communication device in PTL 1 is configured to set a base
transmission rate based on a signal quality such as received radio wave strength with the
communication device to be communicated with before data transmission (normal

wireless communication), store it in the memory, and use it during data transmission.

PRIOR-ART DOCUMENTS
PATENT DOCUMENTS

[0004] PTL 1: Japanese Unexamined Patent Application Publication No. 2018-019307

SUMMARY OF THE INVENTION
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PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] However, in the configuration of PTL 1 above, when the communication device
to which the wireless communication device communicates moves, the received radio
wave strength changes as the communication device moves, so the base transmission rate
must be reset each time the communication device moves, resulting in frequent
transmission delays.

[0006] The present invention is made in view of the circumstances described above,
and an object of the present invention is to provide a communication system that can
quickly and appropriately indicate the transmission rate for being used in wireless

communication with a traveling cart that moves.

MEANS FOR SOLVING THE PROBLEMS AND EFFECTS THEREOF

[0007] The problem to be solved by the present invention is as described above, and
next, means for solving the problem and effects thereof will be described.

[0008] In a first aspect of the present invention, a communication system having the
following configuration is provided. That is, the communication system includes a
traveling cart traveling in a predetermined traveling area in a building, a wireless base
station, and a controller communicating with the traveling cart via the wireless base
station. The traveling cart includes a cart wireless communication unit and a cart control
unit. The cart wireless communication unit performs wireless communication with the
wireless base station. The cart control unit can transmit traveling position information
indicating a traveling position of the traveling cart itself in the traveling area to the
wireless base station via the cart wireless communication unit. The wireless base station
includes a first wireless base station communication unit and a second wireless base

station communication unit. The first wireless base station communication unit performs
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wireless communication with the traveling cart. The second wireless base station
communication unit performs communication with the controller. The controller includes
a controller communication unit, a controller storage unit, and a controller control unit.
The controller communication unit communicates with the wireless base station. The
controller storage unit stores a transmission rate table designating correspondence
relationships between position information indicating a plurality of positions where the
traveling cart can travel in the traveling area and at least one transmission rate
recommended for wireless communication performed by the traveling cart and the
wireless base station when the traveling cart is at each of the positions. The controller
control unit acquires at least one transmission rate from the transmission rate table based
on the position information corresponding to the traveling position information of the
traveling cart received via the wireless base station, and generates transmission rate
information from the transmission rate which is acquired. The controller control unit
transmits the transmission rate information which is generated and the transmission
information for being transmitted to the traveling cart to the wireless base station via the
controller communication unit. When the wireless base station receives the transmission
rate information and the transmission information by communication between the second
wireless base station communication unit and the controller communication unit, the
wireless base station transmits the transmission information to the traveling cart at the
transmission rate acquired from the transmission rate information, via the first wireless
base station communication unit.

[0009] This allows the wireless base station to determine the preferable transmission
rate for wireless transmission of the transmission information to the traveling cart,
according to the traveling position of the traveling cart. Therefore, retransmissions

caused by wireless transmission at an inappropriate transmission rate can be suppressed.
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[0010] The communication system may be configured as follows. That is, the wireless
base station transmits the transmission information and the transmission rate information
to the traveling cart via the first wireless base station communication unit. The cart
wireless communication unit performs wireless communication with the wireless base
station at the transmission rate which is acquired from the transmission rate information
received from the wireless base station.

[0011] In this case, the traveling cart can perform wireless communication at the
preferable transmission rate according to its traveling position.

[0012] The communication system may be configured as follows. That is, the cart
wireless communication unit performs wireless communication with the wireless base
station at the same transmission rate as that used by the wireless base station when the
wireless base station performed communication with the cart wireless communication
unit.

[0013] In this case, the traveling cart can perform wireless communication at the
preferable transmission rate according to its traveling position.

[0014] It is preferable that the communication system is configured as follows. That is,
the controller control unit of the controller includes a communication quality acquisition
unit and a transmission rate table updating unit. The communication quality acquisition
unit acquires a communication quality when the wireless base station and the traveling
cart perform wireless communication at the transmission rate which is recommended
corresponding to the position of the traveling cart, as communication quality information.
The transmission rate table updating unit updates the transmission rate table stored in the
controller storage unit based on the communication quality information acquired by the
communication quality acquisition unit.

[0015] This allows the recommended transmission rate to be flexibly changed in
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response to changes in the wireless communication environment or the like. As a result,
the wireless base station can stably transmit the transmission information to the traveling
cart even if the condition related to wireless communication changes.

[0016] It is preferable that the communication system is configured as follows. That is,
the wireless base station includes a wireless base station control unit that acquires the
transmission rate from the transmission rate information received from the controller via
the second wireless base station communication unit. When there are a plurality of
transmission rates acquired from the transmission rate information by the wireless base
station control unit, the first wireless base station communication unit transmits the
transmission information to the traveling cart at the transmission rate selected from the
plurality of transmission rates.

[0017] This allows the wireless base station to transmit the transmission information to
the traveling cart while choosing depending on the case from the plurality of transmission
rates that are recommended.

[0018] It is preferable that the communication system is configured as follows. That is,
the controller can communicate with a plurality of the wireless base stations via the
controller communication unit. When it is necessary to switch the wireless base station
that is a wireless communication partner of the traveling cart due to the traveling position
of the traveling cart, the controller control unit transmits the transmission rate information
corresponding to the position where the traveling cart is traveling, and the transmission
information, to the wireless base station which is a switching destination of the wireless
communication partner of the traveling cart via the controller communication unit.

[0019] This allows, even if the wireless base station that is the wireless communication
partner of the traveling cart is switched, the wireless base station which is the switching

destination can start preferable wireless communication with the traveling cart
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immediately by using the transmission rate recommended by the controller.

[0020] It is preferable that the communication system is configured as follows. That is,
in advance, the traveling cart performs wireless communication with the wireless base
station at each of the positions and at each of a plurality of different transmission rates.
The transmission rate table is created by associating at least one transmission rate used for
the wireless communication that was able to communicate at a quality higher than a
predetermined level and the position information for each of the positions.

[0021] This allows the recommended transmission rate to be accurately determined.
[0022] In the communication system, it is preferable that the transmission rate
information and the transmission information are described in a communication frame
transmitted by the controller communication unit to the wireless base station.

[0023] This allows for easy handling of information and more efficient communication
by combining information indicating the two into one communication frame.

[0024] In the communication system, it is preferred that both the transmission rate
information and the transmission information are described in a data body part in the
communication frame.

[0025] This allows for transmission rate instruction to be given to the wireless base
station without the need for a specially structured communication frame.

[0026] In a second aspect of the present invention, a following communication method
is provided. That is, the communication method is used by a communication system
including a traveling cart traveling in a predetermined traveling area in a building, a
wireless base station, and a controller that communicates with the traveling cart via the
wireless base station. The communication method includes a traveling position
information notification process, a transmission rate instruction process, and a

communication process. In the traveling position information notification process, the
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traveling cart transmits traveling position information indicating the traveling position of
the traveling cart itself in the traveling area to the wireless base station. In the
transmission rate instruction process, based on the traveling position information of the
traveling cart received by the controller via the wireless base station, the controller
transmits transmission rate information indicating at least one transmission rate
recommended for wireless communication with the wireless base station when the
traveling cart is at the traveling position indicated by the traveling position information to
the wireless base station. In the communication process, the wireless base station
performs wireless communication with the traveling cart at the transmission rate acquired
from the transmission rate information received from the controller.

[0027] This allows the wireless base station to determine the preferable transmission
rate for wireless transmission of the transmission information to the traveling cart,
according to the traveling position of the traveling cart. Therefore, retransmissions
caused by wireless transmission at an inappropriate transmission rate can be suppressed.
[0028] In a third aspect of the present invention, a wireless base station having the
following configuration is provided. That is, the wireless base station includes a first
wireless base station communication unit, a second wireless base station communication
unit, and a wireless base station control unit. The first wireless base station
communication unit performs wireless communication with a wireless communication
device that moves. The second wireless base station communication unit performs
communication with another communication device. The wireless base station control
unit analyzes a communication frame received from another communication device via
the second wireless base station communication unit and acquires a transmission rate
from transmission rate information included in the communication frame. The first

wireless base station communication unit performs wireless communication with the
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wireless communication device at the transmission rate acquired by the wireless base
station control unit from the communication frame.

[0029] This allows wireless communication by a simple process at a preferable
transmission rate with the wireless communication device that moves, without attempt

communication to determine the transmission rate.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030] FIG. 1 is a schematic diagram showing a communication system for one
embodiment of the present invention.

FIG. 2 is an image diagram showing a configuration of the communication
system.

FIG. 3 is a diagram showing an example of a transmission rate table.

FIG. 4 is a diagram showing an example of a communication frame of
management side transmission information.

FIG. 5 is a sequence diagram showing an exchange between a communication

management unit, a wireless base station, and a traveling cart.

EMBODIMENT FOR CARRYING OUT THE INVENTION

[0031] Next, one embodiment of the present invention will be described with reference
to the drawings. FIG. 1 is a schematic diagram showing a communication system 100 for
one embodiment of the present invention. FIG. 2 is an image diagram showing a
configuration of the communication system 100.

[0032] The communication system 100 shown in FIG. 1 is used, for example, in a
semiconductor manufacturing plant with a plurality of processing devices (not shown)

and an automated warehouse with a plurality of stacker racks (not shown). As shown in
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FIG. 1, the communication system 100 mainly includes a plurality of traveling carts 1
(shown only one in FIG. 1), a plurality of wireless base stations 2, a communication
management unit (controller) 3, and a wired LAN 4.

[0033] The traveling cart 1 is a transport device that travels over a traveling area
consisting of a track 5. The track 5 is laid in a semiconductor manufacturing plant, an
automated warehouse, or other buildings. The traveling cart 1 can be used, for example,
to transport a FOUP (Front Opening Unify Pod) and other objects to be transported
between processing devices, stacker racks, and the like.

[0034] The traveling cart 1 may be, for example, an OHT (Overhead Hoist Transfer),
and an OHS (Over Head Shuttle), which are overhead traveling vehicles, and RGV (Rail
Guided Vehicles), etc., which are tracked unmanned transport vehicles, and etc., but not
limited to.

[0035] The track 5 is provided, for example, suspended from the ceiling. However, it
is not limited to this, and the communication system 100 of this embodiment can be used
for trackless traveling vehicles, for example, with AGVs (Automated Guided Vehicles)
which are unmanned transport vehicles. In this case, travel routes and a traveling area of
the traveling cart are substantially defined by guiding tapes such as magnetic tapes
attached to the floor surface or guide sections including barcodes or the like.

[0036] The traveling cart 1, as shown in FIG. 2, has a cart wireless communication unit
11 and a cart control unit 12. The traveling cart 1 has a known computer built in. This
computer is provided with a CPU, an HDD, a ROM, and a RAM, etc. The HDD, the
ROM and the RAM constitute a cart storage unit that stores various types of information
related to wireless communication. The nonvolatile memory of the cart storage unit,
including the HDD and the ROM, stores programs and the like to realize wireless

communication. By the cooperation of the above hardware and software, the computer
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can be operated as the cart wireless communication unit 11 and the cart control unit 12.
[0037] The cart wireless communication unit 11 performs wireless communication
with the wireless base station 2 in accordance with the prescribed wireless
communication standards. As the wireless communication standards, for example, IEEE
802.11, IEEE802.15, and ARIB STD-108, etc. can be used, but are not limited to these.
Wireless communication can be realized by a wireless LAN that conforms to the wireless
communication standards, etc., exemplified above.

[0038] The cart wireless communication unit 11 performs wireless communication
with one wireless base station 2, out of the plurality of the wireless base stations 2,
corresponding to a traveling position of the traveling cart 1. The wireless communication
coverage areas of the plurality of the wireless base stations 2 are different from each other.
Therefore, the wireless base station 2 with which the cart wireless communication unit 11
performs wireless communication varies according to the traveling position of the
traveling cart 1.

[0039] The cart control unit 12 generates cart side transmission information and
controls wireless communication performed by the cart wireless communication unit 11.
The cart side transmission information is information to be transmitted to the
communication management unit 3. The cart side transmission information includes
traveling position information etc. The traveling position information indicates the
traveling position of the traveling cart 1. The traveling position information may include
a cart status of the traveling cart 1. The cart status may be a target position, speed,
acceleration/deceleration, operating status, or the like. The cart position information may
include environmental information in the vicinity of the traveling cart 1. The cart control
unit 12 instructs the cart wireless communication unit 11 on the transmission rate for

being used in wireless communication. This instruction of the transmission rate will be
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described later in detail.

[0040] The cart control unit 12 acquires traveling position information indicating the
traveling position of the vehicle itself in the traveling area by a position sensor or the like
(not shown) attached to the traveling cart 1. This acquisition of traveling position
information is performed, for example, as follows.

[0041] That is, the position sensor attached to the traveling cart 1 includes an optical
receiver, for example. A plurality of optical transmitters are provided along the track 5
which the traveling cart 1 travels along. In advance, the coordinates of each optical
transmitter in the traveling area, in correspondence with the identification information of
each optical transmitter, are stored in the cart storage unit. Each optical transmitter
transmits an optical signal including the identification information to identify the optical
transmitter itself. When the traveling cart 1 passes a predetermined position on the track
5, the position sensor (optical receiver) receives the optical signal transmitted from the
optical transmitter. The cart control unit 12 of the traveling cart 1 acquires the traveling
position information of the traveling cart itself by identifying the optical transmitter based
on the received optical signal. Alternatively, a plurality of indicators (for example,
barcodes, etc.) are provided along with the track 5 which the traveling cart 1 travels along,
and the cart control unit 12 of the traveling cart 1 may acquire the traveling position
information of the traveling cart itself by identifying the indicator based on the
information read by an indicator reader (not shown). Alternatively, reference marks (ID
tags) are provided at predetermined intervals along the track 5 which the traveling cart 1
travels along, and the cart control unit 12 of the traveling cart 1 may acquire the traveling
position information of the traveling cart 1 itself by computing the distance from the
reference mark by counting wheel encoder outputs.

[0042] The cart control unit 12 describes the traveling position information of the
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traveling cart 1 itself acquired as described above in the cart side transmission
information and transmits it to the wireless base station 2 via the cart wireless
communication unit 11. This allows the position of the traveling cart 1 to be notified to
the communication management unit 3 will be described below.

[0043] The correspondence relationship between the identification information of the
optical transmitter and the coordinates of the optical transmitter may be stored on the
communication management unit 3 side instead of being stored in the traveling cart 1. In
this case, the cart control unit 12 transmits the received identification information of the
optical transmitter to the communication management unit 3 via the wireless base station
2 as traveling position information.

[0044] The wireless base station 2 is a so-called access point that is connected to the
communication management unit 3 via the wired LAN 4 using LAN cables. The wireless
base station 2 performs wired communication with the communication management unit
3. As shown in FIG. 1, the wired LAN 4 has an appropriate number of switching hubs 40.
[0045] The wireless base station 2 performs wired communication with the
communication management unit 3 and forms a wireless network around itself. The
wireless base station 2 can perform wireless communication with the traveling cart 1 that
exists in the wireless communication coverage area around the wireless base station 2
itself.

[0046] In the communication system 100 of this embodiment, a plurality of the
wireless base stations 2 are provided along the track 5 so that the entire traveling area in
which the traveling cart 1 travels is covered by the wireless communication coverage area
of those wireless base stations 2.

[0047] In this embodiment, each of the wireless base stations 2 has preset information

on which position the traveling cart 1 is the target of wireless communication by the
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wireless base station 2, in the traveling area of the traveling cart 1 included in the wireless
communication coverage area. In particular, in a part where the wireless communication
coverage area of two wireless base stations 2 overlaps, the wireless base station 2 that has
jurisdiction for each position in the traveling area included in the overlapped part is preset.
[0048] In this embodiment, the correspondence relationship between each position of
the traveling cart 1 and the wireless base station 2 that performs wireless communication
with that traveling cart 1 is predetermined. Therefore, at each position, the traveling cart
1 can somehow acquire in advance which transmission rate is preferred for wireless
communication with the wireless base station 2, and can perform wireless communication
according to the results acquired.

[0049] As shown in FIG. 2, the wireless base station 2 has a first AP communication
unit 21, a second AP communication unit 22, and an AP control unit 23. Here, AP is an
abbreviation for wireless base station.

[0050] Like the traveling cart 1, the wireless base station 2 has a known computer built
in. This computer has a CPU, an HDD, a ROM, and a RAM, etc. The HDD, the ROM,
and the RAM constitute an AP storage unit (not shown) that stores various types of
information related to wireless communication. The nonvolatile memory of the AP
storage unit, including the HDD and the ROM, stores programs and the like to realize
wireless communication. By the cooperation of the above hardware and software, the
computer can be operated as the first AP communication unit 21, the second AP
communication unit 22, and the AP control unit 23.

[0051] The first AP communication unit 21 complies with the above-mentioned
wireless communication standard, and performs wireless communication with the cart
wireless communication unit 11 of the traveling cart 1. Therefore, the traveling cart 1

corresponds to a wireless communication device. The first AP communication unit 21
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transmits management side transmission information (transmission information)
described below to the traveling cart 1 with an appropriate transmission rate. The
management side transmission information is information received from the
communication management unit 3 by the second AP communication unit 22.

[0052] The second AP communication unit 22 performs wired communication with the
communication management unit 3 via the wired LAN 4. Here, in relation to the wireless
base station 2, the communication management unit 3 corresponds to a different
communication device than the traveling cart 1 (that is, another communication device).
The second AP communication unit 22 transmits cart side transmission information to the
communication management unit 3. The cart side transmission information is
information received from the traveling cart 1 by the first AP communication unit 21.
[0053] The AP control unit 23 controls communications performed by the first AP
communication unit 21 and the second AP communication unit 22. The AP control unit
23 instructs the transmission rate for being used in wireless communication to the first AP
communication unit 21. This instruction of the transmission rate will be described later in
detail.

[0054] The communication management unit 3 is a computer used to manage each of
the plurality of traveling carts 1. The communication management unit 3 assigns each of
a plurality of transport tasks to any of the plurality of traveling carts 1 that are managed,
so as to determine the travel route and the like for each of the traveling carts 1. The
transport tasks are given by a transport management unit 6, etc. in upper layer shown in
FIG. 1 or FIG. 2.

[0055] In FIG. 2, the transport management unit 6 comprehensively controls the
transport system to which the communication system 100 is applied. The transport

management unit 6 includes one or more computers and performs various controls
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associated with transport management.

[0056] As shown in FIG. 2, the communication management unit 3 includes a CTRL
communication unit 31, a CTRL storage unit 32, and a CTRL control unit 33. Here,
CTRL is an abbreviation for controller.

[0057] The communication management unit 3 is, for example, configured as a known
computer having a CPU, a ROM, a RAM, an HDD, and the like which are not shown.
The ROM, the RAM, and the HDD store various programs and data related to
management. By the cooperation of the above hardware and software, the computer can
be operated as the CTRL communication unit 31, the CTRL storage unit 32, and the
CTRL control unit 33.

[0058] The CTRL communication unit 31 is connected to the second AP
communication unit 22 of the wireless base station 2 via the wired LAN. The CTRL
communication unit 31 performs wired communication with the second AP
communication unit 22. In the communication management unit 3, the CTRL
communication unit 31 transmits management side transmission information by
performing wired communication with the second AP communication unit 22 included in
the wireless base station 2. In the wireless base station 2, when the second AP
communication unit 22 receives the management side transmission information, the first
AP communication unit 21 forwards the management side transmission information to the
target traveling cart 1 via wireless communication. That is, the communication
management unit 3 communicates with the traveling cart 1 via the wireless base station 2.
[0059] The CTRL storage unit 32 includes the HDD, the ROM, and the like. The
CTRL storage unit 32 stores programs to realize wireless communication, a transmission
rate table, and the like. The transmission rate table is used to instruct the transmission

rate for being used in wireless communication between the traveling cart 1 and the

F 000 326 PCT SG



10

15

20

25

16

wireless base station 2.

[0060] The transmission rate table designates, as shown in FIG. 3 for example,
correspondence relationships between a number of positions (P1, P2, ..., Pn) belonging to
the traveling area in which the traveling cart 1 is traveling, a plurality of recommended
transmission rates when the traveling cart 1 is at each position (P1, P2, ..., Pn), and
communication quality information at each transmission rate. FIG. 1 shows only two
positions Pa, Pb as representatives, among the many positions P1, P2, ..., Pn that cover the
entire traveling area. The transmission rates included in the transmission rate table are all
recommended from the aspect of high-quality wireless communication.

[0061] Not limited to the above, the transmission rate table may, for example, only
designate correspondence relationships between positions and transmission rates. In this
case, a separate table designating the correspondence relationships between each
transmission rate and communication quality information may be stored.

[0062] The transmission rate table does not have to designate the correspondence
relationships between each position included in the traveling area in which the traveling
cart 1 travels and the transmission rate. For example, it may indicate correspondence
relationships between each route range (equivalent to a line segment of a predetermined
length) included in the traveling area and the transmission rate. Alternately, it may
indicate the correspondence relationships between each area of a predetermined length
(equivalent to a surface of a predetermined area) included in the traveling area and the
transmission rate.

[0063] The transmission rate table is prepared in advance based on previously acquired
data. Specifically, when commissioning the communication system 100 for example, at
each position of the traveling cart 1, a survey (survey work) is conducted on the

transmission rate that enables high-quality wireless communication with the wireless base
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station 2 that has jurisdiction over that position.

[0064] In this survey work, the traveling cart 1 moves to a number of positions P1,
P2, ..., Pn in the traveling area in order. At each position, the traveling cart 1 stops and
performs a test wireless communication with the wireless base station 2 that has
jurisdiction over that position using a number of different transmission rates. If the
wireless base station 2 successfully receives data from the traveling cart 1, the wireless
base station 2 transmits response data to the traveling cart 1 at the same transmission rate
as that used by the traveling cart 1 for transmission.

[0065] The traveling cart 1 and/or the wireless base station 2 aggregates the number of
transmissions, the number of times they were able to received within a predetermined
time period after transmission, etc., with respect to the current position of the traveling
cart 1. This makes it possible to acquire communication quality information for each of
the different transmission rates.

[0066] Other examples of communication quality information may include the well-
known packet error rate, timeout occurrence rate, transmission success rate, number of
retransmissions, or the like. As long as it is possible to determine whether the wireless
communication is good or bad for each of the transmission rates, there is no limitation on
the format of the communication quality information and its computation (acquisition)
method.

[0067] The communication management unit 3 performs wired communication with
the wireless base station 2 to acquire, for one position, communication quality
information corresponding to each of the plurality of transmission rates used in the
wireless communication which was performed by the traveling cart 1 and/or the wireless
base station 2. The communication management unit 3 acquires this communication

quality information for each of a number of positions P1, P2, ..., Pn.
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[0068] The communication management unit 3 can acquire the position information of
the traveling cart 1 from the cart side transmission information received from the
traveling cart 1 via the wireless base station 2. The communication management unit 3
can directly acquire communication quality information aggregated on the traveling cart 1
and/or wireless base station 2 sides. Alternately, the communication management unit 3
itself may acquire communication quality information by aggregating the success or
failure of wireless communication via the wireless base station 2.

[0069] Then, the communication management unit 3 extracts, per one position at
which the traveling cart travels, one or more transmission rates that achieved a
communication quality that is equal to or higher than the preset communication quality
threshold among the plurality of transmission rates which were used for wireless
communication performed at this position, and arrange them in order of best
communication quality. If there is only one transmission rate that met the above
condition, only one transmission rate is described in the table with respect to the position
of the traveling cart 1.

[0070] The communication management unit 3 generates a transmission rate table by
associating at least one transmission rate created as described above to the position
information of the traveling cart 1.

[0071] However, the transmission rate table is not limited to being generated as
described above. The transmission rate table may be generated, without being based on a
survey using actual equipment, but for example based on the operating history data of
other semiconductor manufacturing plants or automatic warehouses, where the positions
at which the traveling cart 1 travels and the wireless base stations 2 are located in the
same relationship. The transmission rate table may be generated by a machine-learned

model trained by the positional relationship between each position of the traveling cart 1
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and the wireless base station, the existence and types of obstacles between them, etc., and
the corresponding transmission rate of communication. The transmission rate table may
be generated by a management device provided separately from the communication
management unit 3.

[0072] The transmission rate table is stored in a memory in the CTRL storage unit 32
whose contents can be rewritten. Therefore, the contents of the transmission rate table
can be updated as appropriate.

[0073] As shown in FIG. 2, the CTRL control unit 33 includes the transmission
information generator 34, a communication quality acquisition unit 35, and a transmission
rate table updating unit 36.

[0074] The transmission information generator 34 generates management side
transmission information. The management side transmission information is information
transmitted from the communication management unit 3 to the traveling cart 1 via the
wireless base station 2. This management side transmission information includes query
information to inquire about the status of the traveling cart 1, or transport task information
to instruct the above-mentioned transport task to the traveling cart 1. The management
side transmission information is described in the communication frame transmitted from
the communication management unit 3 to the wireless base station 2. Hereafter, the
communication frame in which the management side transmission information is
described may be referred to as management side transmission frame. In addition to the
management side transmission information, the transmission rate information for wireless
communication between the wireless base station 2 and the traveling cart 1 is described in
this management side transmission frame. The transmission rate information includes
one or more recommended transmission rates corresponding to the position of the

traveling cart 1, acquired by referring to a transmission rate table. The description of the
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transmission rate information is performed by the transmission information generator 34.
An example of the management side transmission frame is shown in FIG. 4.

[0075] The communication quality acquisition unit 35 acquires communication quality
information for each transmission rate used in wireless communication performed
between the traveling cart 1 and the wireless base station 2. This communication quality
information includes, for example, at least some of the above-mentioned number of
transmissions, number of times received within a predetermined time period after
transmission, timeout occurrence rate, packet error rate, transmission success rate, and
number of retransmissions. The communication quality information can be acquired
through wired communication between the CTRL communication unit 31 and the
wireless base station 2.

[0076] Acquisition of the communication quality information can be realized, for
example, by the communication quality acquisition unit 35 acquiring the communication
quality information as it is, which is aggregated and acquired by the traveling cart 1
and/or the wireless base station 2. The communication quality information is acquired via
wired communication between the traveling cart 1 and the wireless base station 2. The
communication quality information can also be acquired on the communication quality
acquisition unit 35 side by aggregating relevant data. The relevant data is the number of
times that the cart side transmission information, which is the response information to the
management side transmission information, was able to be received within a
predetermined time after the management side transmission information was transmitted
via the CTRL communication unit 31, or the like. It is preferable to acquire this
communication quality information together with the corresponding transmission rate,
position information of the position of the traveling cart 1 where the wireless

communication using the transmission rate was performed, or the like.
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[0077] The CTRL control unit 33 makes the CTRL storage unit 32 store the
communication quality information acquired by the communication quality acquisition
unit 35. The communication quality information is stored in the CTRL storage unit 32
while being associated with the transmission rate used in acquiring the communication
quality information, the position information indicating the position where the wireless
communication using this transmission rate is performed (i.e., the traveling position
information of the traveling cart 1 where the wireless communication took place), and the
information (e.g., wireless base station number, MAC address, etc.) identifying the
traveling base station 2 which is the wireless communication partner of the traveling cart
1.

[0078] The transmission rate table updating unit 36 can update the contents of the
transmission rate table stored in the CTRL storage unit 32. For example, when a plurality
of transmission rates are described in the transmission rate table corresponding to the
position information, the order in which transmission rates are recommended may change
as a result of newly acquired communication quality information by the communication
quality acquisition unit 35. In this case, the transmission rate table updating unit 36
updates the transmission rate table to reflect the new communication quality information.
[0079] Next, the information exchange between the communication management unit 3,
the wireless base station 2, and the traveling cart 1 described above will be explained in
detail with reference to FIG. 5.

[0080] As shown in FIG. 5, the communication management unit 3 transmits the
management side transmission information generated by the transmission information
generator 34 via the CTRL communication unit 31, every 100 milliseconds for example.
At this time, the communication management unit 3 transmits not only the management

side transmission information, but the transmission rate information indicating at which
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transmission rate the wireless base station 2 should communicate with the traveling cart 1
to the wireless base station 2. This transmission rate information is generated by the
communication management unit 3 using the transmission rate table.

[0081] Based on the received transmission rate information, the wireless base station 2
determines the transmission rate for wireless communication with the traveling cart 1.
The wireless base station 2 performs wireless communication with the traveling cart 1
using this transmission rate, and transmits the management side transmission information
and transmission rate information to the traveling cart 1.

[0082] After receiving the management side transmission information from the
wireless base station 2, the traveling cart 1 generates the cart side transmission
information as a response to the management side transmission information. This cart
side transmission information includes the traveling position information of the traveling
cart 1 itself acquired by the position sensor. Based on the received transmission rate
information, the traveling cart 1 determines the transmission rate for communicating with
the wireless base station 2. The traveling cart 1 performs wireless communication with
the wireless base station 2 using this transmission rate and transmits the cart side
transmission information to the wireless base station 2. The wireless base station 2
transmits the cart side transmission information received from the traveling cart 1 to the
communication management unit 3 by wired communication.

[0083] Next, the communication method used for instructing the transmission rate for
being used by the traveling cart 1 and the wireless base station 2 that perform wireless
communication in the communication system 100 of this embodiment will be described in
detail with reference to FIGS. 1 through 5.

[0084] In the communication system 100 of this embodiment, the communication

management unit 3 determines at least one transmission rate for being used by the
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traveling cart 1 and the wireless base station 2 depending on the traveling position of the
traveling cart 1. The communication management unit 3 instructs at least one
transmission rate to the traveling cart 1 and the wireless base station 2 in the form of a
description in the management side transmission frame. In the following, in the example
where the traveling cart 1 travels from the position Pa to the position Pb shown in FIG. 1,
the case in which the communication management unit 3 instructs the wireless base
station 2 and the traveling cart 1 to use a transmission rate determined according to the
traveling position of the traveling cart 1 will be described.

[0085] The communication management unit 3 repeatedly transmits the management
side transmission information to the traveling cart 1 at predetermined time intervals. The
traveling cart 1 transmits the cart side transmission information to the communication
management unit 3. Since the cart side transmission information is transmitted by the
traveling cart 1 in the form of a response to the management side transmission
information, the cart side transmission information may be referred to as response
information in the following. Mutual communication is performed via the wireless base
station 2.

[0086] When the traveling cart 1 receives the management side transmission
information while traveling at the position Pa shown in FIG. 1, it generates the cart side
transmission information, which is a response to the management side transmission
information. In this cart side transmission information, the position information of the
position Pa is included as the traveling position information of the traveling cart 1 itself.
The position information can be, for example, the identification information of the optical
transmitter provided at the position Pa, or coordinate information based on the
identification information.

[0087] The traveling cart 1 wirelessly transmits the cart side transmission information

F 000 326 PCT SG



10

15

20

25

24

to the wireless base station 2 (traveling position information notification process). As
described above, the cart side transmission information is transmitted as a response to the
management side transmission information.  The transmission of the cart side
transmission information by wireless communication is performed at the transmission rate
acquired based on the transmission rate information received by the traveling cart 1
together with the management side transmission information.

[0088] After the communication management unit 3 transmits the management side
transmission information, the CTRL control unit 33 waits to receive the cart side
transmission information, which is the response to the management side transmission
information, from the traveling cart 1 via the wireless base station 2. The cart side
transmission information is transmitted from the traveling cart 1 to the first AP
communication unit 21 of the wireless base station 2. The cart side transmission
information received by the wireless base station 2 is transmitted to communication
management unit 3 by wired communication between the second AP communication unit
22 and the CTRL communication unit 31.

[0089] When the CTRL communication unit 31 receives the cart side transmission
information, the CTRL control unit 33 reads the traveling position information of the
traveling cart 1 from the cart side transmission information. The CTRL control unit 33
acquires the transmission rate corresponding to the position Pa (for example, the portion
enclosed by thick lines in FIG. 3) from the transmission rate table stored in the CTRL
storage unit 32. The position Pa is a position indicated in the traveling position
information. In the example shown in FIG. 3, corresponding to the position Pa, three
transmission rates (DBPS values) are described in the transmission rate table. The DBPS
value is the number of bits per symbol, and DBPS is an abbreviation for Data Bit Per

Symbol.

F 000 326 PCT SG



10

15

20

25

25

[0090] In the coding and modulation scheme (MCS: Modulation Coding Scheme)
defined in each communication standard, a transmission rate corresponding to each MCS
value (MCS Index value) is defined. Therefore, the transmission rate can be expressed in
the form of MCS value instead of DBPS value. The transmission rate can also be
expressed in other known formats.

[0091] The transmission information generator 34 creates management side
transmission information and describes the management side transmission information in
a single communication frame. The transmission information generator 34 also generates
transmission rate information TRa including three transmission rates acquired as
described above from the transmission rate table and describes this transmission rate
information TRa in the communication frame in which the management side transmission
information is described. As a result of this, the management side transmission frame is
generated. As shown in FIG. 4, the management side transmission frame follows the
known L2 frame. As shown by a portion enclosed by thick lines in FIG. 4, in the
management side transmission frame, the transmission rate information TRa is described
at the beginning of the data body (payload) of the L2 frame. The transmission rate
information TRa is represented by the DBPS value corresponding to each transmission
rate (or the MCS value). In the example in FIG. 3, the transmission rate information TRa
corresponding to the position Pa is represented by three transmission rates which are
DBPS values (208, 104, 52). Correspondingly, the three DBPS values are described at
the beginning of the data body of the L2 frame in order of best communication quality, in
other words in order of most recommended. In this embodiment, six bytes are used to
describe one DBPS value. Therefore, in the example in FIG. 4, eighteen bytes, three
times six bytes, are allocated at the beginning of the payload of the L2 frame. The

management side transmission information (for example, the query information described
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above) is described in the 19th and succeeding bytes of the payload. Thus, in this
embodiment, the management side transmission information and the transmission rate to
be instructed to the wireless base station 2 are described in the data body of the same L2
frame.

[0092] The CTRL control unit 33 transmits the transmission rate information and
management side transmission information to the second AP communication unit 22 of
the wireless base station 2a by the transmission information generator 34 (transmission
rate indication process). This transmission is performed via the CTRL communication
unit 31.

[0093] The AP control unit 23 of the wireless base station 2a retrieves the transmission
rate described first from the beginning in the transmission rate information (for example,
a plurality of DBPS values). The transmission rate information is described in the
communication frame received from the communication management unit 3 via the AP
communication unit 22. The AP control unit 23 of wireless base station 2a instructs this
transmission rate to the first AP communication unit 21.

[0094] The first AP communication unit 21 wirelessly transmits the management side
transmission information received via the second AP communication unit 22 to the
corresponding traveling cart 1 (communication process). In this embodiment, this
communication process is realized by transmitting the management side transmission
frame (including transmission rate information in addition to management side
information) to the traveling cart 1 as it is. The transmission rate at this time is
determined according to the transmission rate indicated by the AP control unit 23 (DBPS
value: 208).

[0095] While wireless communication is performed by the first AP communication

unit 21, the AP control unit 23 acquires the communication quality of the wireless
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communication which uses the instructed transmission rate (DBPS value: 208). As
described above, this communication quality information can be acquired by determining
whether or not response information (cart side transmission information) to the
management side transmission information was received within a predetermined time
period after the management side transmission information was wirelessly transmitted to
the traveling cart 1, or the like. The AP control unit 23 monitors the communication
quality based on this aggregate result.

[0096] The communication quality information may include, for example, the result of
how many retransmissions were made out of the predetermined number of performing
times (e.g., five times) in the wireless communication between the wireless base station
2a and the traveling cart 1 at a specific transmission rate. More specifically, for example,
wireless communication was performed between the wireless base station 2a and the
traveling cart 1 using each of three DBPS values (208, 104, 52) as the transmission rates.
Out of five performing times, retransmission occurred three times when the DBPS value
was 208, retransmission occurred two times when the DBPS value was 104,
retransmission occurred one time when the DBPS value was 52. The communication
quality information include the result above. The communication quality information is
notified to the communication management unit 3 (communication quality acquisition
unit 35) via the wireless base station 2a.

[0097] For example, during wireless communication, there is a possibility that the
communication quality may become lower than the predetermined threshold for some
reason. The degradation of communication quality can be judged, for example, by
whether or not the number of retransmissions falls within the specified number of times,
but is not limited to this. When a decrease in communication quality is detected, the AP

control unit 23 instructs the DBPS value (104) described second from the beginning in the
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transmission rate information received most recently to the first AP communication unit
21. The first AP communication unit 21 performs wireless communication at the
transmission rate (DBPS value: 104) according to the instruction from the AP control unit
23.

[0098] The AP control unit 23 outputs the above instructions for changing the
transmission rate to the first AP communication unit 21, and notifies the communication
quality information corresponding to the transmission rate (DBPS value: 208) to the
communication management unit 3 at the appropriate timing. The communication quality
information for each of the transmission rates at which wireless communication was
performed may be notified to the communication management unit 3 at the appropriate
timing.

[0099] The traveling cart 1 receives the management side transmission information
transmitted from the wireless base station 2a via the cart wireless communication unit 11.
The traveling cart 1 is traveling from the position Pa to the position Pb, but at the time of
reception of the management side transmission information, it has not yet been reached to
the position Pb.

[0100] When the cart control unit 12 of the traveling cart 1 receives the management
side transmission information via the cart wireless communication unit 11, it generates
the cart side transmission information. This cart side transmission information includes
current traveling position information (position Pa) of the traveling cart 1 itself, etc.
Furthermore, the cart control unit 12 instructs the transmission rate to the cart wireless
communication unit 11. The transmission rate is used when the cart wireless
communication unit 11 transmits the cart side transmission information to the wireless
base station 2a. Here, an example in which the wireless base station 2a transmitted the

management side transmission information at the transmission rate (DBPS value: 208)
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which is firstly listed will be described. The cart control unit 12 retrieves the firstly-listed
DBPS value (208) in the transmission rate information (for example, a plurality of DBPS
values) which is received. The cart control unit 12 instructs this DBPS value as the
transmission rate to the cart wireless communication unit 11.

[0101] The cart wireless communication unit 11 transmits the cart side transmission
information to the first AP communication unit 21 of the wireless base station 2a, using
the transmission rate instructed by the cart control unit 12 (DBPS value: 208).

[0102] While wireless communication is performed by the cart wireless
communication unit 11, the cart control unit 12 acquires the communication quality
information of the wireless communication at the transmission rate (DBPS value: 208) as
described above, and monitors the communication quality.

[0103] As described above, there is a possibility that the communication quality may
become lower than the predetermined threshold for some reason during wireless
communication. When a decrease in communication quality is detected, the cart control
unit 12 instructs the secondly-listed DBPS value (104) in the transmission rate
information received most recently to the cart wireless communication unit 11. The cart
wireless communication unit 11 performs wireless communication at the transmission
rate (DBPS value: 104) according to the instruction from the cart control unit 12.

[0104] Thus, in this embodiment, the transmission rate information described in the
management side transmission frame is used, practically speaking, to instruct the
transmission rate not only to the wireless base station 2a, but also to the traveling cart 1.
[0105] The cart control unit 12 outputs the above instructions for changing the
transmission rate to the cart wireless communication unit 11, and notifies the
communication quality information corresponding to the transmission rate (DBPS value:

208) to the communication management unit 3 at the appropriate timing.
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[0106] The wireless base station 2a transmits the cart side transmission information
received via the first AP communication unit 21 to the CTRL communication unit 31 of
the communication management unit 3. This transmission is performed via the second
AP communication unit 22.

[0107] Next, consider the case where the traveling cart 1 has reached the position Pb at
the time it receives the management side transmission information from the wireless base
station 2a. In this case, the position Pb which is current traveling position information of
the traveling cart 1 itself is described in the cart side transmission information generated
by the cart control unit 12. This cart side transmission information is transmitted via the
wireless base station 2a to the CTRL control unit 33 of the communication management
unit 3.

[0108] When the CTRL control unit 33 of the communication management unit 3
receives the cart side transmission information, the CTRL control unit 33 acquires the
wireless base station 2 that has jurisdiction over the position Pb. This acquisition is based
on the position Pb which is the new traveling position information of the traveling cart 1.
In this embodiment, it is the wireless base station 2b shown in FIG. 1 that has jurisdiction
over the position Pb. Therefore, the wireless base station 2b is the switching destination
where the traveling cart 1 switches the wireless communication partner from the wireless
base station 2a. The CTRL control unit 33 acquires one or more transmission rates
corresponding to the position Pb based on the transmission rate table stored in the CTRL
storage unit 32. The CTRL control unit 33 generates transmission rate information TRb.
[0109] The transmission information generator 34 generates new management side
transmission information. In addition to the management side transmission information,
the transmission rate information TRb acquired as described above is described in the

management side transmission frame transmitted from the communication management
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unit 3 to the wireless base station 2b.

[0110] The CTRL control unit 33 transmits the new management side transmission
information generated by the transmission information generator 34 to the wireless base
station 2b via the CTRL communication unit 31.

[0111] As a result, even if the wireless base station 2b has not been in wireless
communication with the traveling cart 1 so far, the wireless base station 2b can perform
wireless communication with the traveling cart 1 smoothly by referring to the
transmission rate information received from the communication management unit 3. In
other words, the transmission rate can be suitably determined even at the initial stage of
wireless communication. Thus, there is no need to attempt communication at various
transmission rates, and communication delays can be avoided.

[0112] As described above, the communication system 100 in this embodiment
includes the traveling cart 1, the wireless base station 2, and the communication
management unit 3. The traveling cart 1 travels in the predetermined traveling area in the
building. The communication management unit 3 communicates with the traveling cart 1
via the wireless base station 2. The traveling cart 1 includes the cart wireless
communication unit 11 and the cart control unit 12. The cart wireless communication
unit 11 performs wireless communication with the wireless base station 2. The cart
control unit 12 can transmit traveling position information indicating the traveling
position of the traveling cart 1 itself in the traveling area to the wireless base station 2 via
the cart wireless communication unit 11. The wireless base station 2 includes the first AP
communication unit 21 and the second AP communication unit 22. The first AP
communication unit 21 performs wireless communication with the traveling cart 1. The
second AP communication unit 22 performs communication with the communication

management unit 3. The communication management unit 3 includes the CTRL
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communication unit 31, the CTRL storage unit 32, and the CTRL control unit 33. The
CTRL communication unit 31 communicates with the wireless base station 2. The CTRL
storage unit 32 stores the transmission rate table designating the correspondence
relationships between position information which indicates a plurality of the positions
where the traveling cart 1 can travel in the traveling area, and at least one transmission
rate recommended for wireless communication performed by the traveling cart 1 and the
wireless base station 2 when the traveling cart 1 is at each of the positions. The CTRL
control unit 33 acquires at least one transmission rate information from the transmission
rate table based on the position information corresponding to the traveling position
information of the traveling cart 1. The traveling position information of the traveling
cart 1 is received via the wireless base station 2. The CTRL control unit 33 generates the
transmission rate information from the acquired transmission rate which is acquired. The
CTRL control unit 33 transmits the transmission rate information which is generated and
the management side transmission information for being transmitted to the traveling cart
1 to the wireless base station 2 via the CTRL communication unit 31. When the wireless
base station 2 receives the transmission rate information and the management side
transmission information by communication with the second AP communication unit 22
and the CTRL communication unit 31, the wireless base station 2 transmits the
management side transmission information to the traveling cart 1 at the transmission rate
acquired from the transmission rate information, via the first AP communication unit 21.

[0113] This allows the wireless base station 2 to determine the preferable transmission
rate for wireless transmission of the management side transmission information to the
traveling cart 1, according to the traveling position of the traveling cart 1. Therefore,
retransmissions caused by wireless transmission at an inappropriate transmission rate can

be suppressed.
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[0114] In the communication system 100 of this embodiment, the wireless base station
2 transmits the management side transmission information and the transmission rate
information to the traveling cart 1 via the first AP communication unit 21. The cart
wireless communication unit 11 performs wireless communication with the wireless base
station 2 at the transmission rate which is acquired from the transmission rate information
received from the wireless base station 2.

[0115] This allows the traveling cart 1 to perform wireless communication at the
preferable transmission rate according to its traveling position.

[0116] In the communication system 100 of this embodiment, the CTRL control unit
33 of the communication management unit 3 includes the communication quality
acquisition unit 35 and the transmission rate table updating unit 36. The communication
quality acquisition unit 35 acquires the communication quality when the wireless base
station 2 and the traveling cart 1 perform wireless communication at the transmission rate
which is recommended corresponding to the position of the traveling cart 1, as the
communication quality information. The transmission rate table updating unit 36 updates
the transmission rate table stored in the CTRL storage unit 32 based on the
communication quality information acquired by the communication quality acquisition
unit 35.

[0117] This allows the transmission rate recommended by the communication
management unit 3 to the wireless base station 2 to be flexibly changed in response to
changes in the wireless communication environment or the like. As a result, the wireless
base station 2 can stably transmit the management side transmission information to the
traveling cart 1 even if the condition related to wireless communication changes.

[0118] In the communication system 100 of this embodiment, the wireless base station

2 includes an AP control unit 23. The AP control unit 23 acquires the transmission rate
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from the transmission rate information received from the communication management
unit 3 via the second AP communication unit 22. When there are a plurality of
transmission rates acquired from the transmission rate information by the AP control unit
23, the first AP communication unit 21 performs wireless communication with the
traveling cart 1 at the transmission rate selected in advance by the communication
management unit 3 from the plurality of transmission rates.

[0119] This allows the wireless base station 2 to transmit the management side
transmission information to the traveling cart 1 while choosing depending on the case
from the plurality of transmission rates that are recommended.

[0120] In the communication system 100 of this embodiment, the communication
management unit 3 can communicate with a plurality of wireless base stations 2 via the
CTRL communication unit 31. When it is necessary to switch the wireless base station 2
that is a wireless communication partner of the traveling cart 1 due to the traveling
position of the traveling cart 1, the CTRL control unit 33 transmits the transmission rate
information corresponding to the position where the traveling cart 1 is traveling and the
management side transmission information, to the wireless base station 2 which is the
switching destination of the wireless communication partner of the traveling cart 1 via the
CTRL communication unit 31.

[0121] As a result, even if the wireless base station 2 that is the wireless
communication partner of the traveling cart 1 is switched, the wireless base station 2
which is the switching destination can start preferable wireless communication with the
traveling cart 1 immediately by using the transmission rate recommended by the
communication management unit 3.

[0122] In the communication system 100 of this embodiment, in advance, the traveling

cart 1 performs wireless communication with the wireless base station 2 at each of the
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positions and at each of a plurality of different transmission rates. The transmission rate
table is created by associating at least one transmission rate used for the wireless
communication that was able to communicate at a quality higher than the predetermined
level and the position information for each of the positions.

[0123] This allows the recommended transmission rate to be accurately determined.
[0124] In the communication system 100 of this embodiment, the transmission rate
information indicating the transmission rate and the management side transmission
information are described in the communication frame transmitted by the CTRL
communication unit 31 to the wireless base station 2.

[0125] This allows for easy handling of information and more efficient communication
by combining information indicating the two into one communication frame.

[0126] In the communication system 100 of this embodiment, both the transmission
rate information and the management side transmission information are described in the
data body part in the communication frame.

[0127] This allows for transmission rate instruction to be given to the wireless base
station 2 and the traveling cart 1 without the need for a specially structured
communication frame.

[0128] Next, the first modification of the above embodiment will be described. In a
description of this embodiment, members identical or similar to those of the above-
described embodiment are given the same corresponding reference numerals on the
drawings, and descriptions thereof may be omitted.

[0129] In the communication system 100 of this modification, the traveling position of
the traveling cart 1 at the time when the traveling cart 1 or the wireless base station 2 will
receive the management side transmission information is estimated by the communication

management unit 3. This estimation can be made based on the traveling position of the

F 000 326 PCT SG



10

15

20

25

36

traveling cart 1 itself most recently detected by the position sensor, and using information
such as the direction and speed of the traveling cart 1 since the timing of this detection.
The information necessary for the above estimation is included in the cart side
transmission information generated by the traveling cart 1 and transmitted to the
communication management unit 3.

[0130] Instead of the traveling position of the traveling cart 1 acquired from the most
recent cart side transmission information, the communication management unit 3
transmits the transmission rate information corresponding to the traveling position of the
traveling cart 1 estimated as described above together with the management side
transmission information to the wireless base station 2.

[0131] This allows the transmission rate information corresponding to the actual
traveling position of the traveling cart 1 to be instructed to the traveling cart 1.

[0132] Next, a second modification of the above embodiment will be described. In a
description of this modification, members identical or similar to those of the above-
described embodiment are given the same corresponding reference numerals on the
drawings, and descriptions thereof may be omitted.

[0133] In the communication system 100 of this modification, for example, the
wireless base station 2 performs wireless communication at the firstly-listed transmission
rate in the transmission rate information included in the management side transmission
frame.

[0134] Even if the traveling cart 1 receives the management side transmission frame
from the wireless base station 2, the traveling cart 1 does not acquire the transmission rate
from the management side transmission frame. The traveling cart 1 acquires the
transmission rate by reading the information and the like contained in the preamble when

the wireless base station 2 transmits the management side transmission information to the
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traveling cart 1. In other words, this transmission rate is the transmission rate that was
actually used by the wireless base station 2 in wireless communication. The traveling cart
1 performs wireless communication with the wireless base station 2 using the same
transmission rate acquired from the actual communication, not the transmission rate
acquired from the management side transmission frame.

[0135] This allows the traveling cart 1 to perform wireless communications at the same
transmission rate as the wireless base station 2, as in the embodiments, etc., described
above. In this configuration, the description of the transmission rate information can be
omitted in the communication frame transmitted from the wireless base station 2 to the
traveling cart 1.

[0136] Next, a third modification of the above embodiment will be described. In a
description of this modification, members identical or similar to those of the above-
described embodiment are given the same corresponding reference numerals on the
drawings, and descriptions thereof may be omitted.

[0137] In this modification, the transmission rate information consists of only one most
recommended transmission rate, rather than a plurality of transmission rates. The
communication management unit 3 transmits this transmission rate information together
with the management side transmission information to the wireless base station 2. In this
modification, in the data body of the L2 frame, only the first six bytes (only one DBPS
value) are allocated for the transmission rate information. The wireless base station 2
transmits the management side transmission information to the traveling cart 1 according
to the transmission rate.

[0138] The communication quality acquisition unit 35 of the communication
management unit 3 acquires communication quality information by performing various

aggregation processes. For example, the communication quality acquisition unit 35
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counts the number of times the communication management unit 3 transmitted the
management side transmission information and the number of times the communication
management unit 3 was able to receive the cart side transmission information within a
predetermined time period after transmission. The communication quality acquisition
unit 35 acquires communication quality information by calculating the ratio of the two
count values.

[0139] The communication quality acquisition unit 35 monitors the acquired
communication quality information. When a decrease in communication quality is
detected, the transmission rate stored in the transmission rate table as the second
recommended one is used as the transmission rate information transmitted by the
communication management unit 3 to the wireless base station 2. In addition, the
communication management unit 3 updates the transmission rate table stored by the
CTRL storage unit to reflect the communication quality degradation detected for the
transmission rate that has been used until now. This updating is performed by the
transmission rate table updating unit 36.

[0140] As a result of this, all transmission rates are managed on the communication
management unit 3 side. Therefore, the processing performed by the traveling cart 1 and
the wireless base station 2 is simplified, and the configuration of the traveling cart 1 and
the wireless base station 2 can be simpler.

[0141] Although the preferred embodiment and the modifications of the present
invention have been described above, the configurations described above may be
modified as follows, for example.

[0142] The transmission rate information may be described at any position, at the end
for example, instead of at the beginning of the data body of the communication frame.

The transmission rate information may be described in a part other than the data body of
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the communication frame. The management side transmission information and the
transmission rate information may be transmitted in separate communication frames.
[0143] The transmission rate table may be configured to store only one recommended
transmission rate per one position of the traveling cart 1. In this case, the transmission
rate information always consists of only one transmission rate.

[0144] The track 5 is not limited to be included in the same plane, but may be set up
three-dimensionally in three-dimensional space, for example.

[0145] As shown in FIG. 3, consider the case where the communication quality
information corresponding to each transmission rate is stored in the transmission rate
table in association with the transmission rate. In this case, the plurality of transmission
rates corresponding to one position do not have to be arranged in the recommended order.
Even if the transmission rates are not sorted in advance, the CTRL control unit 33 of the
communication management unit 3 can acquire one or more transmission rates with the
best communication quality, by comparing the communication quality information of
each transmission rate. In this configuration, when new communication quality
information is acquired by the communication quality acquisition unit 35, the
transmission rate table updating unit 36 does not reorder the transmission rates in the
transmission rate table, but instead simply reflects the new communication quality
information.

[0146] The transmission rate information based on one or more recommended
transmission rates corresponding to the current position of the traveling cart 1, which is
determined by referring to the transmission rate table, is described in the management
side transmission information by the transmission information generator 34, and the
management side transmission information is transmitted to the traveling cart 1. However,

transmission rate information based on one or more recommended transmission rates
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corresponding to the future position of the traveling cart 1, which is determined by
referring to the transmission rate table, may be described in the management side
transmission information which is to be transmitted to the traveling cart 1. The future
position of the traveling cart 1 is the position where the traveling cart 1 is expected to be
after a given time period. The future position can be computed based on, for example, the
current position of the traveling cart 1 acquired by the position sensor and the current
speed of the traveling cart 1.

[0147] The acquisition of traveling position information is not limited to the above and
may be done, for example, by optically reading barcode or other marking information on
the track 5, or by using an indoor GNSS or the like.

[0148] The transmission rate table may be stored in both the traveling cart 1 and the
communication management unit 3. In this case, the traveling cart 1 performs wireless
communication at the transmission rate read from the stored transmission rate table based
on the position of the traveling cart 1 itself. This allows the traveling cart 1 to always
perform wireless communication without delay at the recommended transmission rate
with respect to the position of the traveling cart 1 itself.

[0149] When there is no need to change the transmission rate information from the
most recent one, the description of the transmission rate information may be omitted in
the management side transmission frame. In this case, the wireless base station 2 and the
traveling cart 1 determine the transmission rate during wireless communication based on
the transmission rate information described in the most recently received management
side transmission frame.

[0150] Communication between the communication management unit 3 and the

wireless base station 2 may be performed wirelessly.
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DESCRIPTION OF THE REFERENCE NUMERALS

[0151]

1

11

12

2

21

22

23

3

31

32

33

34

35

36

Traveling cart

Cart wireless communication unit
Cart control unit

Wireless base station

First AP communication unit
Second AP communications unit

AP control unit

Communication management unit (controller)

CTRL communication unit

CTRL storage unit

CTRL control unit

Transmission information generator
Communication quality acquisition unit
Transmission rate table updating unit
Wired LAN

Track

Transport management unit
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CLAIMS

1. A communication system comprising a traveling cart traveling in a
predetermined traveling area in a building, a wireless base station, and a controller that
communicates with the traveling cart via the wireless base station, wherein

the traveling cart comprises:

a cart wireless communication unit that performs wireless communication with
the wireless base station; and

a cart control unit that is capable of transmitting traveling position information
indicating a traveling position of the traveling cart itself in the traveling area to the
wireless base station via the cart wireless communication unit,

the wireless base station comprises:

a first wireless base station communication unit that performs wireless
communication with the traveling cart; and

a second wireless base station communication wunit that performs
communication with the controller,

the controller comprises:

a controller communication unit that communicates with the wireless base
station;

a controller storage unit that stores a transmission rate table designating
correspondence relationships between respective position information indicating a
plurality of positions where the traveling cart can travel in the traveling area and at least
one transmission rate recommended for wireless communication performed by the
traveling cart and the wireless base station when the traveling cart is at each of the

positions; and
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a controller control unit that acquires at least one transmission rate from the
transmission rate table based on the position information corresponding to the traveling
position information of the traveling cart received via the wireless base station, generates
transmission rate information from the transmission rate which is acquired, and transmits
the transmission rate information which is generated and transmission information for
being transmitted to the traveling cart to the wireless base station via the controller
communication unit, and

when the wireless base station receives the transmission rate information and
the transmission information by communication between the second wireless base station
communication unit and the controller communication unit, the wireless base station
transmits the transmission information to the traveling cart at the transmission rate
acquired from the transmission rate information, via the first wireless base station

communication unit.

2. The communication system according to claim 1, wherein

the wireless base station transmits the transmission information and the
transmission rate information to the traveling cart via the first wireless base station
communication unit, and

the cart wireless communication unit performs wireless communication with
the wireless base station at the transmission rate which is acquired from the transmission

rate information received from the wireless base station.

3. The communication system according to claim 1, wherein
the cart wireless communication unit performs wireless communication with

the wireless base station at the same transmission rate as that used by the wireless base
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station when the cart wireless communication unit performed communication with the

wireless base station.

4. The communication system according to any one of claims 1 to 3, wherein

the controller control unit of the controller comprises:

a communication quality acquisition unit acquires a communication quality
when the wireless base station and the traveling cart perform wireless communication at
the transmission rate which is recommended corresponding to the position of the traveling
cart, as communication quality information; and

a transmission rate table updating unit updates the transmission rate table stored
in the controller storage unit based on the communication quality information acquired by

the communication quality acquisition unit.

5. The communication system according to any one of claims 1 to 4, wherein

the wireless base station includes a wireless base station control unit that
acquires the transmission rate from the transmission rate information received from the
controller via the second wireless base station communication unit, and

when there are a plurality of transmission rates acquired from the transmission
rate information by the wireless base station control unit, the first wireless base station
communication unit transmits the transmission information to the traveling cart at the

transmission rate selected from the plurality of transmission rates.

6. The communication system according to any one of claims 1 to 5, wherein
the controller can communicate with a plurality of the wireless base stations via

the controller communication unit, and
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when it is necessary to switch the wireless base station that is a wireless
communication partner of the traveling cart due to the traveling position of the traveling
cart, the controller control unit transmits the transmission rate information corresponding
to the position where the traveling cart is traveling, and the transmission information, to
the wireless base station which is a switching destination of the wireless communication

partner of the traveling cart via the controller communication unit.

7. The communication system according to any one of claims 1 to 6, wherein

in advance, the traveling cart performs wireless communication with the
wireless base station at each of the positions and at each of a plurality of different
transmission rates, and

the transmission rate table is created by associating at least one transmission
rate used for the wireless communication that was able to communicate at a quality higher

than a predetermined level and the position information for each of the positions.

8. The communication system according to any one of claims 1 to 7, wherein
the transmission rate information and the transmission information are
described in a communication frame transmitted by the controller communication unit to

the wireless base station.

9. The communication system according to claim 8, wherein
both the transmission rate information and the transmission information are

described in a data body part in the communication frame.

10. A communication method used by a communication system comprising a
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traveling cart traveling in a predetermined traveling area in a building, a wireless base
station, and a controller that communicates with the traveling cart via the wireless base
station, the communication method comprising:

a traveling position information notification process in which the traveling cart
transmits traveling position information indicating the traveling position of the traveling
cart itself in the traveling area to the wireless base station;

a transmission rate instruction process in which, based on the traveling position
information of the traveling cart received by the controller via the wireless base station,
the controller transmits transmission rate information indicating at least one transmission
rate recommended for wireless communication with the wireless base station when the
traveling cart is at the traveling position indicated by the traveling position information to
the wireless base station; and

a communication process in which the wireless base station performs wireless
communication with the traveling cart at the transmission rate acquired from the

transmission rate information received from the controller.

11. A wireless base station comprising:

a first wireless base station communication unit that performs wireless
communication with a wireless communication device that moves;

a second wireless base station communication unit that performs
communication with another communication device; and

a wireless base station control unit analyzes a communication frame received
from another communication device via the second wireless base station communication
unit and acquires a transmission rate from transmission rate information included in the

communication frame, wherein
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the first wireless base station communication unit performs wireless
communication with the wireless communication device at the transmission rate acquired

by the wireless base station control unit from the communication frame.
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