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[DESCRIPTION] 

[Title of Invention] COMMUNICATION APPARATUS, METHOD FOR 

CONTROLLING COMMUNICATION APPARATUS, AND COMMUNICATION 

SYSTEM 

[Technical Field] 5 

[0001] 

 The present invention relates to a communication apparatus, a 

method for controlling the communication apparatus, and a 

communication system. 

[Background Art] 10 

[0002] 

 Semiconductor manufacturing systems including overhead-

traveling transport vehicles for transporting front opening unified 

pods (FOUPs) that house semiconductor wafers and semiconductor 

manufacturing apparatuses for processing the semiconductor wafers 15 

have been known (for example, see Patent Literature (PTL) 1). 

[0003] 

 An E84 communication sequence of the Semiconductor 

Equipment and Materials International (SEMI) is applied to 

communication between a transport vehicle and a communication 20 

device connected to a placement port of a semiconductor 

manufacturing apparatus.  When an FOUP is transferred between a 

transport vehicle and a placement port, control signals are exchanged 

between the transport vehicle and the communication device through 

E84 communication sequences. 25 

[0004] 

 An E84 communication sequence is consisted of three steps: a 

pre-transfer procedure, a transfer procedure, and a post-transfer 

procedure.  In the pre-transfer procedure, control signals indicating 

the start of a transfer of an FOUP from the time onward are exchanged 30 

between a transport vehicle and a communication device.  In the 

transfer procedure, control signals for implementing the transfer of 

the FOUP are exchanged between the transport vehicle and the 

communication device, and the transfer of the FOUP actually takes 

place.  In the post-transfer procedure, control signals indicating the 35 
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completion of the transfer of the FOUP are exchanged between the 

transport vehicle and the communication device.  The pre-transfer 

procedure, the transfer procedure, and the post-transfer procedure 

are performed in a state in which the transport vehicle is stopped at 

the position directly above the placement port. 5 

[Citation List] 

[Patent Literature] 

[0005] 

[PTL 1] Japanese Unexamined Patent Application Publication No. 

2019-117616 10 

[Summary of Invention] 

[Technical Problem] 

[0006] 

 In a semiconductor manufacturing system, each of transport 

vehicles is required to simultaneously perform, through wireless 15 

communication, E84 communication sequences with communication 

devices of respective placement ports to which FOUPs are to be 

transferred.  Moreover, depending on a semiconductor manufacturing 

apparatus, electric power allocated to each of communication devices 

of respective placement ports is limited, and thus the communication 20 

devices are required to operate in a power saving manner.  For this 

reason, short-range wireless communication limiting a communication 

range to a short range (e.g., within a range of 3 m to 5 m) is adopted 

as a method for performing wireless communication between a 

transport vehicle and a communication device for avoiding 25 

interference in wireless communication and for performing wireless 

communication in a power saving manner. 

[0007] 

 In recent years, it is proposed that, in the above-described 

semiconductor manufacturing system, the pre-transfer procedure and 30 

the post-transfer procedure of an E84 communication sequence be 

performed while a transport vehicle is traveling to further increase 

efficiency in manufacturing semiconductors. 

[0008] 

 However, since the strength of a radio wave output in the short-35 
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range wireless communication between a communication device and 

a transport vehicle is restricted, a problem that the strength of radio 

wave reception between the communication device and the transport 

vehicle traveling at a position distant from the position directly above 

a placement port reduces occurs in the pre-transfer procedure and 5 

the post-transfer procedure. 

[0009] 

 The present invention is conceived in view of the above problem, 

and therefore aims to provide a communication apparatus, a method 

for controlling the communication apparatus, and a communication 10 

system that are capable of stabilizing wireless communication 

between a transport vehicle and a communication device. 

[Solution to Problem] 

[0010] 

 In order to achieve the above-described aim, a communication 15 

apparatus according to one aspect of the present invention is a 

communication apparatus that relays communication between a 

transport vehicle for transporting an object to be transported and a 

communication device connected to a transfer apparatus to which the 

object to be transferred from the transport vehicle is to be transferred 20 

and from which the object to be transferred to the transport vehicle 

is to be transferred.  The communication apparatus includes a wide-

area wireless communicator that transmits and receives information 

to and from the transport vehicle via a wide-area wireless 

communication base station through wide-area wireless 25 

communication; a short-range wireless communicator that transmits 

and receives information to and from the communication device 

through short-range wireless communication having a communication 

range narrower than a communication range of the wide-area wireless 

communication; and a controller that (i) converts the information 30 

received by the wide-area wireless communicator from wide-area 

wireless communication information into short-range wireless 

communication information, and outputs the short-range wireless 

communication information to the short-range wireless communicator, 

and (ii) converts the information received by the short-range wireless 35 
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communicator from short-range wireless communication information 

into wide-area wireless communication information, and outputs the 

wide-area wireless communication information to the wide-area 

wireless communicator. 

[0011] 5 

 According to the above aspect, a reduction in the strength of 

radio wave reception between a transport vehicle and a 

communication device can be avoided since the wide-area wireless 

communicator transmits and receives information to and from the 

transport vehicle via a wide-area wireless communication base station 10 

(e.g., a wireless access point) through wide-area wireless 

communication, although the transport vehicle is traveling at a 

position distant from the position directly above a transfer apparatus, 

for example.  Therefore, wireless communication between the 

transport vehicle and the communication device can be stabilized.  In 15 

addition, the communication device can be operated with low electric 

power consumption since the short-range wireless communicator 

transmits and receives information to and from the communication 

device through short-range wireless communication. 

[0012] 20 

 For example, (i) when the transport vehicle transmits 

information to the communication device while the transport vehicle 

is traveling in a direction approaching the transfer apparatus before 

the object is transferred to or from the transfer apparatus or while 

the transport vehicle is traveling in a direction away from the transfer 25 

apparatus after the object is transferred to or from the transfer 

apparatus: the wide-area wireless communicator may receive 

information from the transport vehicle via the wide-area wireless 

communication base station through the wide-area wireless 

communication; the controller may convert the information received 30 

by the wide-area wireless communicator from wide-area wireless 

communication information into short-range wireless communication 

information, and outputs the short-range wireless communication 

information to the short-range wireless communicator; and the short-

range wireless communicator may transmit the information converted 35 
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by the controller to the communication device through the short-

range wireless communication, and (ii) when the communication 

device transmits information to the transport vehicle while the 

transport vehicle is traveling in a direction approaching the transfer 

apparatus before the object is transferred to or from the transfer 5 

apparatus or while the transport vehicle is traveling in a direction 

away from the transfer apparatus after the object is transferred to or 

from the transfer apparatus: the short-range wireless communicator 

may receive information from the communication device through the 

short-range wireless communication; the controller may convert the 10 

information received by the short-range wireless communicator from 

short-range wireless communication information into wide-area 

wireless communication information, and outputs the wide-area 

wireless communication information to the wide-area wireless 

communicator; and the wide-area wireless communicator may 15 

transmit the information converted by the controller to the transport 

vehicle via the wide-area wireless communication base station 

through the wide-area wireless communication. 

[0013] 

 According to the above aspect, wireless communication 20 

between the transport vehicle and the communication device can be 

stabilized although the transport vehicle is traveling at a position 

distant from the position directly above the transfer apparatus during 

the pre-transfer procedure or during the post-transfer procedure of 

an E84 communication sequence, when an E84 communication 25 

sequence of SEMI is applied for communication between the transport 

vehicle and the communication device, for example. 

[0014] 

 For example, the communication apparatus may further include 

an obtainer that obtains, while the transport vehicle is traveling, 30 

communication status information indicating a communication status 

between another transport vehicle other than the transport vehicle 

and the communication device, and the wide-area wireless 

communicator may transmit, via the wide-area wireless 

communication base station through the wide-area wireless 35 
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communication, the communication status information obtained by 

the obtainer to the transport vehicle that is traveling. 

[0015] 

 According to the above aspect, a traveling transport vehicle can 

appropriately change a traveling route based on communication 5 

status information indicating a communication status between a 

transport vehicle other than the traveling transport vehicle and the 

communication device, when the transport vehicle is performing the 

transfer procedure of an E84 communication sequence on the 

traveling route of the traveling transport vehicle. 10 

[0016] 

 For example, the communication apparatus may further include 

an obtainer that obtains, while the transport vehicle is traveling, 

position information indicating a position of an other transport vehicle 

other than the transport vehicle, and the wide-area wireless 15 

communicator may transmit, via the wide-area wireless 

communication base station through the wide-area wireless 

communication, the position information obtained by the obtainer to 

the transport vehicle that is traveling. 

[0017] 20 

 According to the above aspect, a traveling transport vehicle can 

appropriately change a traveling route based on position information 

indicating a position of a transport vehicle other than the traveling 

transport vehicle, when the transport vehicle is performing the 

transfer procedure of an E84 communication sequence on the 25 

traveling route of the traveling transport vehicle. 

[0018] 

 In addition, a method for controlling a communication 

apparatus according to one aspect of the present invention is a 

method for controlling a communication apparatus that relays 30 

communication between a transport vehicle for transporting an object 

to be transported and a communication device connected to a transfer 

apparatus to which the object to be transferred from the transport 

vehicle is to be transferred and from which the object to be 

transferred to the transport vehicle is to be transferred.  The method 35 
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for controlling the communication apparatus includes: (a) receiving 

information from the transport vehicle via a wide-area wireless 

communication base station through wide-area wireless 

communication; (b) converting the information received in (a) from 

wide-area wireless communication information into short-range 5 

wireless communication information; (c) transmitting the information 

converted in (b) to the communication device through the short-range 

wireless communication having a communication range narrower than 

a communication range of the wide-area wireless communication; (d) 

receiving information from the communication device through the 10 

short-range wireless communication; (e) converting the information 

received in (d) from short-range wireless communication information 

into wide-area wireless communication information; and (f) 

transmitting the information converted in (e) to the transport vehicle 

via the wide-area wireless communication base station through the 15 

wide-area wireless communication. 

[0019] 

 According to the above aspect, a reduction in the strength of 

radio wave reception between a transport vehicle and a 

communication device can be avoided since the wide-area wireless 20 

communicator of the communication apparatus transmits and receives 

information to and from the transport vehicle via a wide-area wireless 

communication base station (e.g., a wireless access point) through 

wide-area wireless communication, although the transport vehicle is 

traveling at a position distant from the position directly above a 25 

transfer apparatus, for example.  Therefore, wireless communication 

between the transport vehicle and the communication device can be 

stabilized.  In addition, the communication device can be operated 

with low electric power consumption since the short-range wireless 

communicator of the communication apparatus transmits and receives 30 

information to and from the communication device through short-

range wireless communication. 

[0020] 

 Moreover, a communication system according to one aspect of 

the present invention includes a transport vehicle for transporting an 35 
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object to be transported; a communication device connected to a 

transfer apparatus to which the object to be transferred from the 

transport vehicle is to be transferred and from which the object to be 

transferred to the transport vehicle is to be transferred; and a 

communication apparatus that relays communication between the 5 

transport vehicle and the communication device.  The transport 

vehicle includes a first communicator that transmits and receives 

information to and from the communication apparatus via a wide-area 

wireless communication base station through wide-area wireless 

communication.  The communication device includes a second 10 

communicator that transmits and receives information to and from 

the communication apparatus through short-range wireless 

communication having a communication range narrower than a 

communication range of the wide-area wireless communication.  The 

communication apparatus includes: a wide-area wireless 15 

communicator that transmits and receives information to and from 

the first communicator of the transport vehicle via the wide-area 

wireless communication base station through the wide-area wireless 

communication; a short-range wireless communicator that transmits 

and receives information to and from the second communicator of the 20 

communication device through the short-range wireless 

communication; and a controller that (i) converts the information 

received by the wide-area wireless communicator from wide-area 

wireless communication information into short-range wireless 

communication information, and outputs the short-range wireless 25 

communication information to the short-range wireless communicator, 

and (ii) converts the information received by the short-range wireless 

communicator from short-range wireless communication information 

into wide-area wireless communication information, and outputs the 

wide-area wireless communication information to the wide-area 30 

wireless communicator. 

[0021] 

 According to the above aspect, a reduction in the strength of 

radio wave reception between a transport vehicle and a 

communication device can be avoided since the wide-area wireless 35 
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communicator of the communication apparatus transmits and receives 

information to and from the first communicator of a transport vehicle 

via a wide-area wireless communication base station (e.g., wireless 

access point) through wide-area wireless communication, although 

the transport vehicle is traveling at a position distant from the 5 

position directly above a transfer apparatus, for example.  Therefore, 

wireless communication between the transport vehicle and the 

communication device can be stabilized.  In addition, the 

communication device can be operated with low electric power 

consumption since the short-range wireless communicator of the 10 

communication apparatus transmits and receives information to and 

from the second communicator of the communication device through 

short-range wireless communication. 

[0022] 

 Note that the present invention can be implemented not only 15 

as an apparatus, but as follows: a method that uses processing means 

configuring the apparatus as steps; a program for causing a computer 

to execute these steps; a computer-readable recording medium such 

as a CD-ROM which stores the program; and information, data, or a 

signal indicating the program.  Moreover, the foregoing program, 20 

information, data, and signal may be distributed via a communication 

network such as the Internet. 

[Advantageous Effects of Invention] 

[0023] 

 A communication apparatus, etc. according to one aspect of the 25 

present invention can stabilize wireless communication between a 

transport vehicle and a communication device. 

[Brief Description of Drawings] 

[0024] 

[FIG. 1] 30 

 FIG. 1 is a diagram illustrating an overview of a communication 

system according to an embodiment. 

[FIG. 2] 

 FIG. 2 is a diagram illustrating one example of an E84 

communication sequence when an FOUP is picked up. 35 
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[FIG. 3] 

 FIG. 3 is a diagram illustrating one example of an E84 

communication sequence when the FOUP is unloaded. 

[FIG. 4] 

 FIG. 4 is a block diagram illustrating a functional configuration 5 

of the communication system according to the embodiment. 

[FIG. 5] 

 FIG. 5 is a diagram illustrating one example of wide-area 

wireless communication information. 

[FIG. 6] 10 

 FIG. 6 is a diagram illustrating one example of short-range 

wireless communication information. 

[FIG. 7] 

 FIG. 7 is a diagram schematically illustrating operations of the 

communication system according to the embodiment during a pre-15 

transfer procedure. 

[FIG. 8] 

 FIG. 8 is a sequence diagram illustrating a flow of the 

operations of the communication system according to the embodiment 

during the pre-transfer procedure. 20 

[FIG. 9] 

 FIG. 9 is a diagram schematically illustrating operations of the 

communication system according to the embodiment during a transfer 

procedure. 

[FIG. 10] 25 

 FIG. 10 is a sequence diagram illustrating a flow of the 

operations of the communication system according to the embodiment 

during the transfer procedure. 

[FIG. 11] 

 FIG. 11 is a diagram schematically illustrating operations of the 30 

communication system according to the embodiment during a post-

transfer procedure. 

[Description of Embodiments] 

[0025] 

 Embodiments according to the present invention will be 35 
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hereinafter described in detail with reference to the drawings.  Note 

that the embodiments below each describe a general or specific 

example.  Therefore, numerical values, shapes, materials, structural 

elements, the arrangement and connection of the structural elements, 

steps, the orders of the steps, and the like described in the following 5 

embodiments are mere examples, and thus are not intended to limit 

the present invention.  Furthermore, among the structural elements 

in the embodiments below, those not recited in any one of the 

independent claims will be described as optional structural elements. 

[0026] 10 

[Embodiment] 

[1. Overview of Communication System] 

 First, an overview of communication system 2 according to an 

embodiment will be described with reference to FIG. 1 through FIG. 

3.  FIG. 1 is a diagram illustrating an overview of communication 15 

system 2 according to the embodiment.  FIG. 2 is a diagram 

illustrating one example of an E84 communication sequence when 

FOUP 14 is picked up.  FIG. 3 is a diagram illustrating one example 

of an E84 communication sequence when FOUP 14 is unloaded. 

[0027] 20 

 As illustrated in FIG. 1, communication system 2 is a system 

built inside, for example, a semiconductor manufacturing plant.  

Communication system 2 includes transport vehicle 4, semiconductor 

manufacturing apparatus 6, communication device 8, wireless access 

point 10, and communication apparatus 12. 25 

[0028] 

 Transport vehicle 4 is an overhead-traveling transport vehicle 

for transporting FOUP 14 (one example of an object to be transported) 

that houses semiconductor wafers.  Transport vehicle 4 is the so-

called overhead hoist transfer (OHT).  Without humans in attendance, 30 

transport vehicle 4 travels along rail 16 fixed to the ceiling of the 

semiconductor manufacturing plant.  Note that although a plurality 

of (e.g., several hundreds of) transport vehicles 4 are arranged in the 

semiconductor manufacturing plant, FIG. 1 illustrates only one 

transport vehicle 4 for the convenience of describing the embodiment. 35 
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[0029] 

 Transport vehicle 4 is provided with holder 18 for holding FOUP 

14 inside transport vehicle 4 which is capable of ascending and 

descending.  For example, when a transfer of FOUP 14 takes place 

between transport vehicle 4 and placement port 22 (to be described 5 

later) of semiconductor manufacturing apparatus 6, holder 18 

descends from transport vehicle 4 to the vicinity of placement port 22 

in a state in which transport vehicle 4 is stopped directly above 

placement port 22.  When the transfer of FOUP 14 is completed, 

holder 18 ascends from the vicinity of placement port 22 to transport 10 

vehicle 4, and then retracted into transport vehicle 4. 

[0030] 

 Semiconductor manufacturing apparatus 6 is an apparatus for 

processing or temporarily storing semiconductor wafers housed in 

FOUP 14, and is arranged directly below rail 16.  Semiconductor 15 

manufacturing apparatus 6 includes loading/unloading gate 20 for 

loading and unloading FOUP 14, and placement port 22 (one example 

of a transfer apparatus) arranged in the vicinity of loading/unloading 

gate 20.  Placement port 22 is a load port for placing FOUP 14.  

Placement port 22 is used for a transfer of FOUP 14 to or from holder 20 

18 of transport vehicle 4 and is used also for providing and receiving 

FOUP 14 to and from semiconductor manufacturing apparatus 6 via 

loading/unloading gate 20. 

[0031] 

 Note that although a plurality of (e.g., several thousands of) 25 

semiconductor manufacturing apparatuses 6 are arranged in the 

semiconductor manufacturing plant, FIG. 1 illustrates only one 

semiconductor manufacturing apparatus 6 for the convenience of 

describing the embodiment.  Moreover, although the embodiment 

describes the case in which semiconductor manufacturing apparatus 30 

6 includes one placement port 22, semiconductor manufacturing 

apparatus 6 is not limited to including only one placement port 22.  

Semiconductor manufacturing apparatus 6 may include a plurality of 

placement ports 22. 

[0032] 35 
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 Communication device 8 is a device server for relaying 

communication between transport vehicle 4 and placement port 22 of 

semiconductor manufacturing apparatus 6.  Communication device 8 

is arranged on the top surface of semiconductor manufacturing 

apparatus 6, and is connected to placement port 22 of semiconductor 5 

manufacturing apparatus 6 via parallel cable 24.  With this, 

communication device 8 can communicate with placement port 22 of 

semiconductor manufacturing apparatus 6.  An E84 communication 

sequence of SEMI is applied to communication between 

communication device 8 and transport vehicle 4.  Note that although 10 

communication devices 8 as many as placement ports 22 are arranged 

in the semiconductor manufacturing plant, FIG. 1 illustrates only one 

communication device 8 for the convenience of describing the 

embodiment. 

[0033] 15 

 Wireless access point 10 is an access point in a wireless local 

area network (LAN).  Wireless access point 10 relays wide-area 

wireless communication between transport vehicle 4 and 

communication apparatus 12.  In other words, transport vehicle 4 

and communication apparatus 12 are stations in the wireless LAN.  20 

Note that the wide-area wireless communication is wireless 

communication through the wireless LAN, and has a communication 

range of about 20 m to 30 m in every direction from wireless access 

point 10 as the center, for example.  Wireless access point 10 is one 

example of a wide-area wireless communication base station. 25 

[0034] 

 Communication apparatus 12 is a relay device for relaying 

communication between transport vehicle 4 and communication 

device 8.  Communication apparatus 12 is arranged above rail 16, for 

example.  Communication apparatus 12 transmits and receives 30 

information to and from transport vehicle 4 via wireless access point 

10 through wide-area wireless communication.  In addition, 

communication apparatus 12 transmits and receives information to 

and from communication device 8 through short-range wireless 

communication.  Note that the short-range wireless communication 35 
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is wireless communication through Bluetooth (registered trademark) 

Low Energy (BLE), and has a communication range narrower than a 

communication range of the wide-area wireless communication.  The 

communication range of the short-range wireless communication is 

about 5 m in every direction from communication apparatus 12 as the 5 

center, for example.  The short-range wireless communication is also 

called “proximity wireless communication”. 

[0035] 

 In the above-described communication system 2, control 

signals (items of information) are exchanged between transport 10 

vehicle 4 and communication device 8 through E84 communication 

sequences when FOUP 14 placed on placement port 22 is to be picked 

up by transport vehicle 4 and when FOUP 14 is unloaded from 

transport vehicle 4 to be placed on placement port 22.  These E84 

communication sequences each adopt an interlock sequence 15 

consisting of a plurality of processes in which a shift to a next process 

does not take place before a particular control signal (e.g., L_REQ) is 

OFF. 

[0036] 

 As illustrated in FIG. 2, an E84 communication sequence used 20 

for picking up FOUP 14 is consisted of three steps: a pre-transfer 

procedure, a transfer procedure, and a post-transfer procedure.  As 

illustrated in FIG. 3, an E84 communication sequence used for 

unloading FOUP 14 is consisted of, as in FIG. 2, three steps: a pre-

transfer procedure, a transfer procedure, and a post-transfer 25 

procedure. 

[0037] 

 As illustrated in FIG. 2 and FIG. 3, in the pre-transfer procedure, 

control signals indicating the start of a transfer of FOUP 14 from the 

time onward are exchanged between transport vehicle 4 and 30 

communication device 8.  In the transfer procedure, control signals 

for implementing the transfer of FOUP 14 are exchanged between 

transport vehicle 4 and communication device 8, and the transfer of 

FOUP 14 actually takes place.  In the post-transfer procedure, control 

signals indicating the completion of the transfer of FOUP 14 are 35 
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exchanged between transport vehicle 4 and communication device 8. 

[0038] 

 The pre-transfer procedure is implemented while transport 

vehicle 4 is traveling in a direction approaching the position directly 

above placement port 22 to which FOUP 14 is to be transferred.  The 5 

transfer procedure is implemented after transport vehicle 4 arrives at 

the position directly above placement port 22 to which FOUP 14 is to 

be transferred and in a state in which transport vehicle 4 is stopped 

at the position.  The post-transfer procedure is implemented while 

transport vehicle 4 is traveling in a direction away from the position 10 

directly above placement port 22 to which FOUP 14 has been 

transferred. 

[0039] 

[2. Functional Configuration of Communication System] 

 A functional configuration of communication system 2 15 

according to the embodiment will be described with reference to FIG. 

4 through FIG. 6.  FIG. 4 is a block diagram illustrating the functional 

configuration of communication system 2 according to the 

embodiment.  FIG. 5 is a diagram illustrating one example of wide-

area wireless communication information.  FIG. 6 is a diagram 20 

illustrating one example of short-range wireless communication 

information. 

[0040] 

 As illustrated in FIG. 4, transport vehicle 4, wireless access 

point 10, and communication apparatus 12 are connected to wireless 25 

network 26.  Wireless network 26 is a wireless LAN that conforms to, 

for example, IEEE 802.11 series, and is built by Wi-Fi (registered 

trademark) of the 2.4 GHz band or the 5 GHz band. 

[0041] 

 Transport vehicle 4 includes wide-area wireless communicator 30 

28 (one example of a first communicator), antenna 30, short-range 

wireless communicator 32, antenna 34, and controller 36. 

[0042] 

 Wide-area wireless communicator 28 transmits and receives 

information to and from communication apparatus 12 via wireless 35 
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access point 10 through wide-area wireless communication.  Antenna 

30 is an antenna for wide-area wireless communication, and is 

connected to wide-area wireless communicator 28. 

[0043] 

 Short-range wireless communicator 32 transmits and receives 5 

information to and from communication device 8 through short-range 

wireless communication.  Antenna 34 is an antenna for short-range 

wireless communication, and is connected to short-range wireless 

communicator 32. 

[0044] 10 

 Controller 36 controls wide-area wireless communicator 28 and 

short-range wireless communicator 32 to perform various kinds of 

processes.  Specifically, controller 36 controls short-range wireless 

communicator 32 such that short-range wireless communication is 

performed between short-range wireless communicator 32 and 15 

communication device 8 immediately before transport vehicle 4 

arrives at the position directly above placement port 22 to which FOUP 

14 is to be transferred.  In addition, when the position of placement 

port 22 to which FOUP 14 is to be transferred by transport vehicle 4 

and the position at which transport vehicle 4 is traveling are within a 20 

predetermined range, controller 36 may control short-range wireless 

communicator 32 such that short-range wireless communication is 

performed between short-range wireless communicator 32 and 

communication device 8 without the use of communication apparatus 

12.  In this case, electric power consumption of communication 25 

apparatus 12 can be reduced.  Note that controller 36 is implemented 

by, for example, a processor loading and executing a software 

program stored in a storage medium such as a hard disk or a 

semiconductor memory. 

[0045] 30 

 Placement port 22 of semiconductor manufacturing apparatus 

6 includes communicator 38 and controller 40. 

[0046] 

 Communicator 38 transmits and receives information to and 

from communication device 8 via parallel cable 24 (see FIG. 1). 35 
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[0047] 

 Controller 40 controls communicator 38 to perform various 

kinds of processes.  Specifically, controller 40 performs interlock 

processes for transferring FOUP 14 (see FIG. 1) to or from transport 

vehicle 4.  In addition, controller 40 performs a process of providing 5 

and receiving FOUP 14 to and from semiconductor manufacturing 

apparatus 6 via loading/unloading gate 20 (see FIG. 1).  Note that 

controller 40 is implemented by, for example, a processor loading and 

executing a software program stored in a storage medium such as a 

hard disk or a semiconductor memory. 10 

[0048] 

 Communication device 8 includes communicator 42 (one 

example of a second communicator) and controller 44. 

[0049] 

 Communicator 42 transmits and receives information to and 15 

from placement port 22 via parallel cable 24.  In addition, 

communicator 42 transmits and receives information to and from each 

of transport vehicle 4 and communication apparatus 12 through short-

range wireless communication. 

[0050] 20 

 Controller 44 controls communicator 42 to perform various 

kinds of processes.  Note that controller 44 is implemented by, for 

example, a processor loading and executing a software program 

stored in a storage medium such as a hard disk or a semiconductor 

memory. 25 

[0051] 

 Communication apparatus 12 includes wide-area wireless 

communicator 46, antenna 48, short-range wireless communicator 50, 

antenna 52, controller 54, and obtainer 56. 

[0052] 30 

 Wide-area wireless communicator 46 transmits and receives 

information to and from transport vehicle 4 via wireless access point 

10 through wide-area wireless communication.  Antenna 48 is an 

antenna for wide-area wireless communication, and is connected to 

wide-area wireless communicator 46. 35 
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[0053] 

 Short-range wireless communicator 50 transmits and receives 

information to and from communication device 8 through short-range 

wireless communication.  Antenna 52 is an antenna for short-range 

wireless communication, and is connected to short-range wireless 5 

communicator 50.  Note that although communication apparatus 12 

in this embodiment includes only a single set of short-range wireless 

communicator 50 and antenna 52, the number of sets of short-range 

wireless communicator 50 and antenna 52 is not limited to a single 

set.  For example, when information is simultaneously transmitted 10 

and received to and from a plurality of communication devices 8 

through short-range communication, communication apparatus 12 

may include a plurality of sets of short-range wireless communicator 

50 and antenna 52. 

[0054] 15 

 Controller 54 controls wide-area wireless communicator 46 and 

short-range wireless communicator 50 to perform various kinds of 

processes.  Specifically, controller 54 converts information received 

by wide-area wireless communicator 46 from wide-area wireless 

communication information into short-range wireless communication 20 

information, and outputs the short-range wireless communication to 

short-range wireless communicator 50.  Conversely, controller 54 

converts information received by short-range wireless communicator 

50 from short-range wireless communication information into wide-

area wireless communication information, and outputs the wide-area 25 

wireless communication information to wide-area wireless 

communicator 46.  Note that controller 54 is implemented by, for 

example, a processor loading and executing a software program 

stored in a storage medium such as a hard disk or a semiconductor 

memory. 30 

[0055] 

 The wide-area wireless communication information here is, for 

example, data frame 58 as shown in (a) in FIG. 5.  Data frame 58 

shown in (a) in FIG. 5 includes the following fields: Frame Control, 

Duration, MAC Address 1 through 3, Seq control, MAC Address 4, Data, 35 
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and CRC.  The field of Data shown in (a) in FIG. 5 includes the 

following fields shown in (b) in FIG. 5: IP header, UDP header, and 

Communication data.  Furthermore, the field of Communication data 

shown in (b) in FIG. 5 includes the following fields shown in (c) in FIG. 

5: Short-range wireless communication frequency band, Short-range 5 

wireless communication channel, Short-range wireless connection 

destination device ID, Short-range wireless connection source ID, and 

Short-range wireless communication data.  Moreover, the field of 

Short-range wireless communication data shown in (c) in FIG. 5 

includes the following fields shown in (d) in FIG. 5: Transmission 10 

direction, Input data, and Output data. 

[0056] 

 The short-range wireless communication information here is, 

for example, data frame 60 as shown in FIG. 6, for example.  Data 

frame 60 shown in FIG. 6 includes the following fields: Short-range 15 

wireless connection destination device ID, Short-range wireless 

connection source ID, Transmission direction, Input data, and Output 

data. 

[0057] 

 For example, when wide-area wireless communicator 46 20 

receives data frame 58 shown in (a) in FIG. 5, controller 54 extracts, 

from data frame 58 received by wide-area wireless communicator 46, 

the fields of Short-range wireless connection destination device ID, 

Short-range wireless connection source ID, Transmission direction, 

Input data, and Output data shown in (c) and (d) in FIG. 5 to generate 25 

data frame 60 shown in FIG. 6.  As described above, controller 54 

converts data frame 58 that is wide-area wireless communication 

information into data frame 60 that is short-range wireless 

communication information. 

[0058] 30 

 Conversely, when, for example, short-range wireless 

communicator 50 receives data frame 60 shown in FIG. 6, controller 

54 extracts, from data frame 60 received by short-range wireless 

communicator 50, the fields of Short-range wireless connection 

destination device ID, Short-range wireless connection source ID, 35 
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Transmission direction, Input data, and Output data to generate data 

frame 58 shown in (a) in FIG. 5.  As described above, controller 54 

converts data frame 60 that is short-range wireless communication 

information into data frame 58 that is wide-area wireless 

communication information. 5 

[0059] 

 Obtainer 56 obtains, while transport vehicle 4 is traveling, 

communication status information indicating a communication status 

between a transport vehicle (not illustrated) other than transport 

vehicle 4 and communication device 8.  Obtainer 56 also obtains, 10 

while transport vehicle 4 is traveling, position information indicating 

the position of the transport vehicle other than transport vehicle 4.  

Obtainer 56 may obtain communication status information and 

position information from either wide-area wireless communicator 46 

or short-range wireless communicator 50, or may obtain the 15 

communication status information and the position information from 

a higher-level controller (not illustrated) controlling over 

communication system 2. 

[0060] 

[3. Operation of Communication System] 20 

[3-1. Operation of Communication System During Pre-transfer 

Procedure] 

 Operations of communication system 2 during a pre-transfer 

procedure will be described with reference to FIG. 7 and FIG. 8.  FIG. 

7 is a diagram schematically illustrating operations of communication 25 

system 2 according to the embodiment during the pre-transfer 

procedure.  FIG. 8 is a sequence diagram illustrating a flow of the 

operations of communication system 2 according to the embodiment 

during the pre-transfer procedure. 

[0061] 30 

 As illustrated in FIG. 7, the case in which semiconductor 

manufacturing apparatuses 6a, 6b, 6c, 6d, 6e, and 6f (6a through 6f) 

are arranged side by side in the stated order will be hereinafter 

considered.  Semiconductor manufacturing apparatuses 6a, 6b, 6c, 

6d, 6e, and 6f include placement ports 22a, 22b, 22c, 22d, 22e, and 35 
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22f (22a through 22f), respectively.  Placement ports 22a, 22b, 22c, 

22d, 22e, and 22f are connected with communication devices 8a, 8b, 

8c, 8d, 8e, and 8f (8a through 8f), respectively. 

[0062] 

 The following describes the case in which transport vehicle 4 5 

transfers FOUP 14 (see FIG. 1) to or from placement port 22d of 

semiconductor manufacturing apparatus 6d.  As illustrated in FIG. 7, 

the pre-transfer procedure is implemented while transport vehicle 4 

is traveling in a direction approaching the position directly above 

placement port 22d to which FOUP 14 is to be transferred.  In the 10 

pre-transfer procedure, items of information indicating the start of 

transferring of FOUP 14 from the time onward are exchanged between 

transport vehicle 4 and communication device 8d. 

[0063] 

 Note that, through the short-range wireless communication, 15 

communication apparatus 12 is capable of transmitting and receiving 

information to and from each of communication devices 8a through 

8f, for example.  In addition, through the wide-area wireless 

communication, communication apparatus 12 is capable of 

transmitting and receiving information to and from transport vehicles 20 

4 traveling on the semiconductor manufacturing apparatus 6a side 

(the left side in FIG. 7) relative to the position directly above 

semiconductor manufacturing apparatus 6d and transport vehicles 4 

traveling on the semiconductor manufacturing apparatus 6f side (the 

right side in FIG. 7) relative to the position directly above 25 

semiconductor manufacturing apparatus 6d. 

[0064] 

 First, the case in which transport vehicle 4 transmits 

information to communication device 8d will be described.  As 

illustrated in FIG. 8, wide-area wireless communicator 28 of transport 30 

vehicle 4 transmits information (wide-area wireless communication 

information) to communication apparatus 12 through the wide-area 

wireless communication (S101).  Wireless access point 10 forwards 

the information from this transport vehicle 4 to communication 

apparatus 12 through the wide-area wireless communication (S102). 35 
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[0065] 

 Wide-area wireless communicator 46 of communication 

apparatus 12 receives the information forwarded from wireless access 

point 10 through the wide-area wireless communication (S103).  

Controller 54 of communication apparatus 12 converts the information 5 

received by wide-area wireless communicator 46 from wide-area 

wireless communication information into short-range wireless 

communication information (S104), and outputs the short-range 

wireless communication information to short-range wireless 

communicator 50.  Short-range wireless communicator 50 of 10 

communication apparatus 12 transmits the information (short-range 

wireless communication information) converted by controller 54 to 

communication device 8d through short-range wireless 

communication (S105). 

[0066] 15 

 Communicator 42 of communication device 8d receives the 

information transmitted from communication apparatus 12 through 

the short-range wireless communication (S106). 

[0067] 

 Next, the case in which communication device 8d transmits 20 

information to transport vehicle 4 will be described.  As illustrated in 

FIG. 8, communicator 42 of communication device 8d transmits 

information (short-range wireless communication information) to 

communication apparatus 12 through the short-range wireless 

communication (S107). 25 

[0068] 

 Short-range wireless communicator 50 of communication 

apparatus 12 receives the information transmitted from 

communication device 8d through the short-range wireless 

communication (S108).  Controller 54 of communication apparatus 30 

12 converts the information received by short-range wireless 

communicator 50 from short-range wireless communication 

information into wide-area wireless communication information 

(S109), and outputs the wide-area wireless communication 

information to wide-area wireless communicator 46.  Wide-area 35 
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wireless communicator 46 of communication apparatus 12 transmits 

the information (wide-area wireless communication information) 

converted by controller 54 to transport vehicle 4 through the wide-

area wireless communication (S110). 

[0069] 5 

 Wireless access point 10 forwards the information that has 

been transmitted from communication apparatus 12 in step S110 to 

transport vehicle 4 through the wide-area wireless communication 

(S111).  Wide-area wireless communicator 28 of transport vehicle 4 

receives the information forwarded from wireless access point 10 10 

through wide-area wireless communication (S112). 

[0070] 

[3-2. Operation of Communication System During Transfer Procedure] 

 Operations of communication system 2 during a transfer 

procedure will be described with reference to FIG. 9 and FIG. 10.  FIG. 15 

9 is a diagram schematically illustrating operations of communication 

system 2 according to the embodiment during the transfer procedure.  

FIG. 10 is a sequence diagram illustrating a flow of the operations of 

communication system 2 according to the embodiment during the 

transfer procedure. 20 

[0071] 

 As described above, the following describes the case in which 

transport vehicle 4 transfers FOUP 14 to or from placement port 22d 

of semiconductor manufacturing apparatus 6d.  As illustrated in FIG. 

9, the transfer procedure is implemented in a state in which transport 25 

vehicle 4 is stopped at the position directly above placement port 22d 

to which FOUP 14 is to be transferred.  In the transfer procedure, 

items of information for implementing a transfer of FOUP 14 are 

exchanged between transport vehicle 4 and communication device 8d, 

and the transfer of FOUP 14 actually takes place. 30 

[0072] 

 First, the case in which transport vehicle 4 transmits 

information to communication device 8d will be described.  As 

illustrated in FIG. 10, short-range wireless communicator 32 of 

transport vehicle 4 transmits information (short-range wireless 35 
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communication information) to communication device 8d through the 

short-range wireless communication (S201).  Communicator 42 of 

communication device 8d receives the information transmitted from 

transport vehicle 4 through the short-range wireless communication 

(S202). 5 

[0073] 

 Next, the case in which communication device 8d transmits 

information to transport vehicle 4 will be described.  As illustrated in 

FIG. 10, communicator 42 of communication device 8d transmits 

information (short-range wireless communication information) to 10 

transport vehicle 4 through the short-range wireless communication 

(S203).  Short-range wireless communicator 32 of transport vehicle 

4 receives the information transmitted from communication device 8d 

through the short-range wireless communication (S204). 

[0074] 15 

[3-3. Operation of Communication System During Post-transfer 

Procedure] 

 Operations of communication system 2 during a post-transfer 

procedure will be described with reference to FIG. 11.  FIG. 11 is a 

diagram schematically illustrating operations of communication 20 

system 2 according to the embodiment during the post-transfer 

procedure. 

[0075] 

 As illustrated in FIG. 11, the post-transfer procedure is 

implemented while transport vehicle 4 is traveling in a direction away 25 

from the position directly above placement port 22d to which FOUP 

14 has been transferred.  As described with reference to FIG. 8, in 

the post-transfer procedure, items of information indicating the 

completion of a transfer of FOUP 14 are exchanged between transport 

vehicle 4 and communication device 8d via wireless access point 10 30 

and communication apparatus 12. 

[0076] 

[3-4. Other Operations] 

 As has been described above, obtainer 56 obtains, while 

transport vehicle 4 is traveling, communication status information 35 
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indicating communication statuses between a transport vehicle other 

than transport vehicle 4 and communication devices 8a through 8f.  

Wide-area wireless communicator 46 transmits, in response to a 

request from the traveling transport vehicle 4, items of 

communication status information and/or items of position 5 

information obtained by the above-mentioned obtainer 56 to the 

traveling transport vehicle 4 via wireless access point 10 through the 

wide-area wireless communication. 

[0077] 

 With this, for example, when another transport vehicle is 10 

stopped at the position directly above placement port 22d for 

performing a transfer procedure while transport vehicle 4 is traveling 

in a direction approaching the position directly above placement port 

22d for performing a pre-transfer procedure, the traveling transport 

vehicle 4 can appropriately change the traveling route based on the 15 

items of communication status information and/or the items of 

position information so as to bypass the position directly above 

placement port 22d. 

[0078] 

[4. Advantageous Effect] 20 

 In communication system 2 according to the embodiment, 

when transport vehicle 4 is traveling at a position distant from the 

position directly above placement port 22 during, for example, the 

pre-transfer procedure or the post-transfer procedure of an E84 

communication sequence, wide-area wireless communicator 46 of 25 

communication apparatus 12 transmits and receives information to 

and from transport vehicle 4 via wireless access point 10 through the 

wide-area wireless communication.  With this, it is possible to avoid 

a reduction in the strength of radio wave reception between transport 

vehicle 4 and communication device 8, and thus wireless 30 

communication between transport vehicle 4 and communication 

device 8 can be stabilized. 

[0079] 

 In addition, communication device 8 can be operated with low 

electric power consumption since short-range wireless communicator 35 
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50 of communication apparatus 12 transmits and receives information 

to and from communication device 8 through the short-range wireless 

communication.  With this, communication device 8 can be operated 

by a power source (24 V, 100 mA) supplied via a programmed 

input/output (PI/O) provided in, for example, semiconductor 5 

manufacturing apparatus 6. 

[0080] 

 Moreover, since information is transmitted and received 

between transport vehicle 4 and communication device 8 through the 

short-range wireless communication during the transfer procedure of 10 

an E84 communication sequence, interference in wireless 

communication can be avoided even if each of a plurality of transport 

vehicles 4 simultaneously communicates with a plurality of 

communication devices 8 in a wireless manner. 

[0081] 15 

[Other Variations, etc.] 

 Hereinbefore, the communication apparatus according to the 

present invention has been described based on the above-described 

embodiments; however, the present invention is not limited to the 

above-described embodiments.  The present invention also 20 

encompasses embodiments achieved by applying modifications 

conceivable to those skilled in the art to the above-described 

embodiments, and different embodiments achieved by optionally 

combining the structural elements of the above-described 

embodiments. 25 

[0082] 

 Although the above-described embodiments have adopted Wi-

Fi (registered trademark) as wide-area wireless communication, wide-

area wireless communication is not limited to the foregoing.  For 

example, private long-term evolution (LTE), local 5G that locally uses 30 

the fifth-generation mobile communication system, or the like may be 

used.  When the foregoing wide-area wireless communications are 

used, wide-area wireless communicator 28 and antenna 30 of 

transport vehicle 4, wide-area wireless communicator 46 and antenna 

48 of communication apparatus 12, and communicator 42 of 35 
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communication device 8 conform to a communication standard of each 

wide-area wireless communication. 

[0083] 

 In addition, although, in operations of communication system 

2 during the transfer procedure, short-range wireless communicator 5 

32 included in transport vehicle 4 transmits and receives information 

(short-range wireless communication information) to and from 

communication device 8 through the short-range wireless 

communication for exchanging, between transport vehicle 4 and 

communication device 8, items of information for implementing a 10 

transfer of FOUP 14, the same communication method as used during 

the pre-transfer procedure and the post-transfer procedure may be 

applied.  In other words, in operations of communication system 2 

during the transfer procedure, transport vehicle 4 exchanges items of 

information with communication apparatus 12 via wireless access 15 

point 10 through the wide-area wireless communication, and 

communication apparatus 12 performs the short-range wireless 

communication with communication device 8.  Accordingly, transport 

vehicle 4 need not include short-range wireless communicator 32, and 

is capable of performing interlock communication with communication 20 

device 8 through the wide-area wireless communication.  Moreover, 

the manufacturing cost and design complexity of transport vehicle 4 

can be reduced. 

[0084] 

 It should be noted that each of the structural elements in the 25 

above-described embodiments may be configured as dedicated 

hardware or may be implemented by executing a software program 

suitable for the structural element.  Each element may be 

implemented as a result of a program execution unit, such as a CPU 

or processor or the like, loading and executing a software program 30 

stored in a storage medium such as a hard disk or semiconductor 

memory. 

[Industrial Applicability] 

[0085] 

 The communication system according to the present invention 35 
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is applicable to a semiconductor manufacturing system and the like 

for transporting FOUPs using transport vehicles that travel along a rail 

fixed to the ceiling, for example. 

[Reference Signs List] 

[0086] 5 

 2 communication system 

 4 transport vehicle 

 6, 6a, 6b, 6c, 6d, 6e, 6f semiconductor manufacturing 

apparatus 

 8, 8a, 8b, 8c, 8d, 8e, 8f communication device 10 

 10 wireless access point 

 12 communication apparatus 

 14 FOUP 

 16 rail 

 18 holder 15 

 20 loading/unloading gate 

 22, 22a, 22b, 22c, 22d, 22e, 22f placement port 

 24 parallel cable 

 26 wireless network 

 28, 46 wide-area wireless communicator 20 

 30, 34, 48, 52 antenna 

 32, 50 short-range wireless communicator 

 36, 40, 44, 54 controller 

 38, 42 communicator 

 56 obtainer 25 

 58, 60 data frame 
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[CLAIMS] 

[Claim 1] 

 A communication apparatus that relays communication 

between a transport vehicle for transporting an object to be 

transported and a communication device connected to a transfer 5 

apparatus to which the object to be transferred from the transport 

vehicle is to be transferred and from which the object to be 

transferred to the transport vehicle is to be transferred, the 

communication apparatus comprising: 

 a wide-area wireless communicator that transmits and receives 10 

information to and from the transport vehicle via a wide-area wireless 

communication base station through wide-area wireless 

communication; 

 a short-range wireless communicator that transmits and 

receives information to and from the communication device through 15 

short-range wireless communication having a communication range 

narrower than a communication range of the wide-area wireless 

communication; and 

 a controller that (i) converts the information received by the 

wide-area wireless communicator from wide-area wireless 20 

communication information into short-range wireless communication 

information, and outputs the short-range wireless communication 

information to the short-range wireless communicator, and (ii) 

converts the information received by the short-range wireless 

communicator from short-range wireless communication information 25 

into wide-area wireless communication information, and outputs the 

wide-area wireless communication information to the wide-area 

wireless communicator. 

 

[Claim 2] 30 

 The communication apparatus according to claim 1, wherein 

 (i) when the transport vehicle transmits information to the 

communication device while the transport vehicle is traveling in a 

direction approaching the transfer apparatus before the object is 

transferred to or from the transfer apparatus or while the transport 35 
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vehicle is traveling in a direction away from the transfer apparatus 

after the object is transferred to or from the transfer apparatus: 

  the wide-area wireless communicator receives 

information from the transport vehicle via the wide-area wireless 

communication base station through the wide-area wireless 5 

communication; 

  the controller converts the information received by the 

wide-area wireless communicator from wide-area wireless 

communication information into short-range wireless communication 

information, and outputs the short-range wireless communication 10 

information to the short-range wireless communicator; and 

  the short-range wireless communicator transmits the 

information converted by the controller to the communication device 

through the short-range wireless communication, and 

 (ii) when the communication device transmits information to 15 

the transport vehicle while the transport vehicle is traveling in a 

direction approaching the transfer apparatus before the object is 

transferred to or from the transfer apparatus or while the transport 

vehicle is traveling in a direction away from the transfer apparatus 

after the object is transferred to or from the transfer apparatus: 20 

  the short-range wireless communicator receives 

information from the communication device through the short-range 

wireless communication; 

  the controller converts the information received by the 

short-range wireless communicator from short-range wireless 25 

communication information into wide-area wireless communication 

information, and outputs the wide-area wireless communication 

information to the wide-area wireless communicator; and 

  the wide-area wireless communicator transmits the 

information converted by the controller to the transport vehicle via 30 

the wide-area wireless communication base station through the wide-

area wireless communication. 

 

[Claim 3] 

 The communication apparatus according to claim 2, wherein 35 
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 the communication apparatus further comprises an obtainer 

that obtains, while the transport vehicle is traveling, communication 

status information indicating a communication status between an 

other transport vehicle other than the transport vehicle and the 

communication device, and 5 

 the wide-area wireless communicator transmits, via the wide-

area wireless communication base station through the wide-area 

wireless communication, the communication status information 

obtained by the obtainer to the transport vehicle that is traveling. 

 10 

[Claim 4] 

 The communication apparatus according to claim 2, wherein 

 the communication apparatus further comprises an obtainer 

that obtains, while the transport vehicle is traveling, position 

information indicating a position of an other transport vehicle other 15 

than the transport vehicle, and 

 the wide-area wireless communicator transmits, via the wide-

area wireless communication base station through the wide-area 

wireless communication, the position information obtained by the 

obtainer to the transport vehicle that is traveling. 20 

 

[Claim 5] 

 A method for controlling a communication apparatus that relays 

communication between a transport vehicle for transporting an object 

to be transported and a communication device connected to a transfer 25 

apparatus to which the object to be transferred from the transport 

vehicle is to be transferred and from which the object to be 

transferred to the transport vehicle is to be transferred, the method 

for controlling the communication apparatus comprising: 

 (a) receiving information from the transport vehicle via a wide-30 

area wireless communication base station through wide-area wireless 

communication; 

 (b) converting the information received in (a) from wide-area 

wireless communication information into short-range wireless 

communication information; 35 
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 (c) transmitting the information converted in (b) to the 

communication device through the short-range wireless 

communication having a communication range narrower than a 

communication range of the wide-area wireless communication; 

 (d) receiving information from the communication device 5 

through the short-range wireless communication; 

 (e) converting the information received in (d) from short-range 

wireless communication information into wide-area wireless 

communication information; and 

 (f) transmitting the information converted in (e) to the 10 

transport vehicle via the wide-area wireless communication base 

station through the wide-area wireless communication. 

 

[Claim 6] 

 A communication system comprising: 15 

 a transport vehicle for transporting an object to be transported; 

 a communication device connected to a transfer apparatus to 

which the object to be transferred from the transport vehicle is to be 

transferred and from which the object to be transferred to the 

transport vehicle is to be transferred; and 20 

 a communication apparatus that relays communication 

between the transport vehicle and the communication device, wherein 

 the transport vehicle includes a first communicator that 

transmits and receives information to and from the communication 

apparatus via a wide-area wireless communication base station 25 

through wide-area wireless communication, 

 the communication device includes a second communicator that 

transmits and receives information to and from the communication 

apparatus through short-range wireless communication having a 

communication range narrower than a communication range of the 30 

wide-area wireless communication, and 

 the communication apparatus includes: 

  a wide-area wireless communicator that transmits and 

receives information to and from the first communicator of the 

transport vehicle via the wide-area wireless communication base 35 
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station through the wide-area wireless communication; 

  a short-range wireless communicator that transmits and 

receives information to and from the second communicator of the 

communication device through the short-range wireless 

communication; and 5 

  a controller that (i) converts the information received by 

the wide-area wireless communicator from wide-area wireless 

communication information into short-range wireless communication 

information, and outputs the short-range wireless communication 

information to the short-range wireless communicator, and (ii) 10 

converts the information received by the short-range wireless 

communicator from short-range wireless communication information 

into wide-area wireless communication information, and outputs the 

wide-area wireless communication information to the wide-area 

wireless communicator. 15 

  


