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COMMUNICATION DEVICE, COMMUNICATION EQUIPMENT AND
COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] This invention relates to a communicationide as well as a communication

apparatus and a communication system that empéogdmmunication device.

2. Description of the Related Art

[0002] In a communication system, transfer vehidiemsfer articles to and from
stations, and in the case of transferring semicctods for example, the transfer
vehicles perform communication for transfer withtgin-side terminals in accordance
with the SEMI standard E84 (called E84 hereinafpeofocol. A transfer vehicle stops
at a position facing a station and performs comeation, and it is unclear whether or
not the station side is prepared for transfer Ua84 communication is started. For
this reason, there are cases where the transfaleatops and determines through E84
communication that transfer cannot be performed,taen the transfer vehicle departs
from the station without transferring articles. caadingly, the transfer vehicle makes
needless stops, and there are cases where congestiors due to blocking the
traveling route.

[0003] One reason why this problems occurs is thattransfer vehicle side is not
provided with a means for finding out the statugkestations at a position away from
the stations. Note that Patent Literature 1 (WQ@12065040), which is related to E84
communication, proposes a techniqgue in which a sfemn vehicle starts E84
communication directly upstream of a station, withstopping. However, since
multiple transfer vehicles are traveling in acttyalenabling the transfer vehicles to

perform E84 communication at a position other taactly upstream of the station as
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in conventional technology requires exclusive aantin which multiple transfer

vehicles do not control the same station at theesame.

Citation List
Patent Literature

[0004] Patent Literature 1: WO 2011/155040

SUMMARY OF THE INVENTION
[0005] An object of this invention is to find oubd status of a manufacturing
apparatus by remotely detecting the ON/OFF sigofl® ports that can be connected
to the manufacturing apparatus, and control theadioa of a transfer vehicle based on
the status of the manufacturing apparatus. Anaihgsct is to control the operation of
the manufacturing apparatus by enabling remotemyrotiing the 10 ports.

An additional object of this invention is to enalal transfer vehicle and a fixed
transfer vehicle controller on the ground side donmunicate with a manufacturing
apparatus via a communication device of this ineent without hindering the
communication that the transfer vehicle performthwie manufacturing apparatus via
an existing communication terminal.

Another additional object of this invention isdtso enable a transfer vehicle
that transfers articles to and from the manufastuapparatus and a controller for the
same to remotely detect the ON/OFF signals of @hpdrts and remotely control the 10
ports, and to control the operations of the martufagy apparatus from the transfer
vehicle as well.

Another additional object of this invention is poevent multiple apparatuses
from influencing the manufacturing apparatus at gsme time by exclusively
controlling the 10 ports, and to improve the effiecy of apparatuses transferring access

articles to and from the manufacturing apparatugemgbling remote detection of the
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ON/OFF signals of the IO ports even in the caserg/b&clusive control is performed.
[0006] A communication device of this inventiorai£ommunication device including
a communication unit configured to communicate withAN (Local Area Network), at
least one 10 port that is connectable to a manufexgf apparatus, and a control unit,
the 10 port being configured to exchange ON/ORfaai including a plurality
of bits with the manufacturing apparatus, and
the control unit being configured and programneed t
receive communication requests from the commuinicalestinations
via the LAN, and store network addresses of themsanication destination and data
specifying the 10 port designated by the commuiocadestinations,
change ON/OFF signal of the designated 10 poddoordance with
requests from the communication destinations, and
transmit ON/OFF signal of the designated 10 paa the
communication destination via the communicatiort and the LAN in accordance with
requests from the communication destinations.
[0007] Also, a communication apparatus of this mhi@ includes: the
above-described communication device; transferckehiconfigured to transfer articles
to and from stations of a manufacturing apparatum] a controller that controls a
plurality of transfer vehicles being included as tommunication destinations, and
the manufacturing apparatus including a commtimicaterminal
configured such that the communication terminal reagnmunicate with the transfer
vehicles and is connected to a main body of the ufie&turing apparatus by a
communication line; and
an adapter configured to be inserted into the comacation line and be
connected to the 10 port,
the communication apparatus being configured andrpmmed such that the

adapter may switch between
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an adapter pass mode of relaying communicatiotwdaen the
communication terminal and the main body and tratsm communication data to the
IO port, and
an adapter control mode of relaying communicatbmiween the
manufacturing apparatus and the 10 port if the comigation terminal and the main
body are not communicating.
[0008] Also, a communication system of this inventiincludes: transfer vehicles
configured to transfer articles to and from statiaf a manufacturing apparatus; a
controller configured to control transfer vehiclesd a manufacturing apparatus-side
communication device,
the communication device including a communicatiomit configured to
communicate with a LAN, at least one 10 port, arabatrol unit,
the 1O port being configured and programmed sieht the 10 port may be
connected to the manufacturing apparatus and egeh@N/OFF signal including a
plurality of bits with the manufacturing apparatasd
the control unit being configured and programneed t
receive communication requests from the commuioicalestinations
via the LAN, the transfer vehicles and the con#mollbeing included as the
communication destinations, and store network adeh® of transmission origins of
requests from the communication destinations, atd dpecifying 10 port designated
by the communication destinations,
change the ON/OFF signal of the designated IQ poaccordance
with requests from the communication destinatiamsl
transmit the ON/OFF signal of the designated 10rt pto the
communication destinations via the communicatioit and the LAN in accordance
with requests from the communication destinations.

[0009] According to the communication device ofstiivention, the specification of
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the 10 port, the detection of the ON/OFF signalréog and the changing of the
ON/OFF signal can be remotely performed via the LAN

In the case of a manufacturing apparatus thatuded a communication
terminal connected to the main body of a transéiale by a communication line, an
adapter connected to the 10 port is inserted inéocommunication line. Then, in the
adapter pass mode, by relaying communication betwiee communication terminal
and the main body, the transfer vehicle can comoat@iwith the main body of the
manufacturing apparatus via the communication temimand the adapter, and the
communication data is sent to the IO port of thencwnication device. Also, if
communication is not being performed between thmroanication terminal and the
main body, the manufacturing apparatus and thed® gan communicate with each
other via the adapter in the adapter control modear this reason, the transfer vehicle
can communicate with the manufacturing apparatastive communication terminal,
and the transfer vehicle, the controller of thengfar system, and the like can
communicate with the manufacturing apparatus \eaattapter.

A communication system can be configured by th@roanication device of
this invention connected to the manufacturing apjoa;, a transfer vehicle, and a
controller for controlling the transfer vehicle (twmller of the transfer system). In this
system, the controller and the transfer vehicle datect the ON/OFF signal of the 10
port connected to the manufacturing apparatus aisadchange the ON/OFF signal, via
the LAN.
[0010] In this specification, descriptions regaglithe communication device also
directly apply to a communication apparatus andramunication system.
[0011] Preferably, the communication device furtimetudes a storage unit for storing
presence or absence of exclusive control on IQ port

the control unit includes a determination unit fogured to determine whether

or not exclusive control on the designated 10 mortecessary based on communication
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requests from the communication destinations, and

in a case where communication requests from thenamication destinations
are received and the determination unit determitiet exclusive control on the
designated IO port is necessary,

if statuses of the designated IO port correspemdabsence of
exclusive control, the ON/OFF signal of the desigdalO port is changed in
accordance with requests from the communicatiortirddg®oons, and storage of the
storage unit is changed such that exclusive cootmdhe designated IO port is present,
and
if statuses of the designated IO port corresptmdpresence of

exclusive control, changing of the ON/OFF signathed designated 10 port is denied,
and

in a case where communication requests from themamication destinations
are received and the determination unit determitiet exclusive control on the
designated 10 port is not necessary, the ON/OFRasigf the designated 10 port is
transmitted to the communication destinations keadommunication unit and the LAN
in accordance with the requests from the commupitadlestinations regardless of
presence or absence of exclusive control on thigrkged 10 port.
[0012] According to this configuration, it is posk to realize exclusive control on IO
port while enabling another apparatus to detecONEOFF signal of the 10 port during
exclusive control of the IO port. The exclusiventol is executed for transferring
articles to and from the manufacturing apparatmsekample. Also, multiple transfer
vehicles do not attempt to transfer articles to drain the same manufacturing
apparatus at the same time, for example, and sfétanehicle does not needlessly wait
due to attempting to transfer an article to or fratmanufacturing apparatus to or from
which an article is being transferred, for example.

[0013] Preferably, transfer vehicles configuredramsfer articles to and from stations
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of a manufacturing apparatus, and a controller igaréd to control a plurality of
transfer vehicles are included as the communicatdestinations, and the
communication device transmits the ON/OFF signathef designated 10 port to the
controller via the communication unit. According this configuration, the transfer
vehicle and the controller can detect the ON/OIgRali of desired 10 port via the LAN.
Accordingly, the transfer vehicle can be operatédiently.

[0014] Preferably, the communication device has edawark address, and data
specifying port is given to the 10 port. According this configuration,
communication destinations can specify 10 port acdmmunicate with the
communication device.

Particularly preferably, the communication devide configured and
programmed such that the controller and a transgébicle may access the ON/OFF
signal of the designated IO port.

[0015] Also, preferably, a peripheral device ottiean the manufacturing apparatus is
connected to the 10 port, and is configured andgammmed such that status data
regarding the peripheral device may be accessdldebgontroller and a transfer vehicle.
The peripheral device is, for example, a sensoeif@uring safety related to the transfer
of articles a sensor for checking the situationtle periphery of a station for
transferring articles to or from the manufacturigparatus, a terminal for manually
operating a station, or the like. According tosthgonfiguration, manufacturing
apparatus-side situations, including the statub@peripheral device, can be detected.
[0016] Preferably, the 10 port may switch betweestate of being connected to the
adapter and a state of directly communicating vaitterminal of the manufacturing
apparatus. According to this configuration, themomunication device of this
invention can be connected to the main body of aufsturing apparatus connected to
the communication terminal via the communicatione)i and to a manufacturing

apparatus that does not include such a communictgrminal.
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[0017] Preferably, the adapter of the communicatapparatus includes a switch
inserted into the communication line, and a seammunication line branched from
the communication line and connected to the 1O, @ortl the 10 port is configured and
programmed to watch communication with the mainybimdthe adapter control mode
and in the adapter pass mode. Due to the aboweHoed switch, it is possible to
switch between the adapter control mode and thptadpass mode, and the 10 port can
watch communication with the main body and the camication terminal at all times
due to the second communication line.

[0018] Preferably, if an abnormality of the comnuation unit is detected, the
communication apparatus changes 10 port set tadapter control mode to the adapter
pass mode. According to this configuration, theper pass mode can serve as a
fail-safe mechanism against abnormalities in theroanication unit.

[0019] Preferably, the communication apparatus iveseinstructions from transfer
vehicles with the communication unit, and chang@spbrt set to the adapter control
mode to the adapter pass mode. The transfer eehien remotely start
communication with the manufacturing apparatuhaddapter control mode, and then
upon arriving at the manufacturing apparatus, @announicate with the manufacturing
apparatus via the communication terminal in theptatgpass mode.

[0020] Preferably, the controller that controls tinensfer vehicles changes transfer
instructions or stops transfer based on ON/OFFasigri the designated 10 port.
According to this configuration, article deliverjesansfer attempts, and the like that are
needless due to a station not being prepared fmteatransfer are eliminated. Note
that a station is a piece of equipment of the mactufing apparatus for the transfer of

articles by a transfer vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a diagram showing a communicatgystem according to an
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embodiment and the surrounding environment thereof.

FIG. 2 is a block diagram of a communication apps according to an
embodiment.

FIG. 3 is a flowchart showing operations of a camination device and a
system controller in an embodiment.

FIG. 4 is a diagram schematically showing the dyiedayout of stations in an
embodiment.

FIG. 5 is a diagram showing signals on commurocelines in an adapter pass
mode and an adapter control mode in an embodiment.

FIG. 6 is a diagram schematically showing a usageironment of a
communication device according to an embodiment.

FIG. 7 is a block diagram showing a communicatidaevice and an
accompanying adapter.

FIG. 8 is a diagram showing an example of an 1@ pwmnagement table of a
communication device.

FIG. 9 is a diagram showing processing in a combiade.

FIG. 10 is a diagram showing processing in thgetacontrol mode.

FIG. 11 is a diagram showing processing in thetatgpass mode.

FIG. 12 is a diagram showing features of an enthedit.

FIG. 13 is a diagram schematically showing a sitman which a station that is
to receive a transfer from a transfer vehicle is@ed out of a group of stations.

FIG. 14 is a diagram showing a communication systef a preferred
embodiment and the surrounding environment thereof.

FIG. 15 is a flowchart showing an operation alton of a communication

device in the preferred embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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[0022] The following describes preferred embodirsefar carrying out the present
invention. The scope of this invention is basedtlon claims, and is intended to be
determined in accordance with the understanding person skilled in the art with
reference to the description of this invention agldted art in the field of this invention.
Embodiment
[0023] First Embodiment

FIGS. 1 to 5 show a first embodiment taking theregle of transferring
semiconductors, but the transfer of workpieces blpaer, the transfer of thread
packages by a maintenance carriage, and the l&ksinilar to this example. In these
figures, 2 indicates a semiconductor manufactuapgaratus, an inspection apparatus,
or the like, which will be referred to as a manufiaing apparatus 4 here. The
manufacturing apparatus 4 includes one or morestaST, and transfers an article 9
such as an FOUP (Front-Opening Unified Pod) to frach an overhead traveler 8.
Note that the overhead traveler 8 travels througbeiding space along a rail-like
traveling route 6, and a ground-traveling automgti@ed vehicle or the like may be
applied as the transfer vehicle.
[0024] Before articles are transferred between dteions ST and the overhead
traveler 8, the manufacturing apparatus 4 perfoopiscal communication with the
overhead traveler 8 via E84 communication termidalprovided in respective stations
ST. Also, several hundred overhead travelers\&ti@ong the traveling route 6, and a
system controller 24 performs communication witivwdual overhead travelers 8 and
controls the overhead travelers 8 via a LAN 20 andaccess point 22. Note that the
overhead travelers 8 travel in one direction arel @ohibited from traveling in the
opposite direction. The controller 24 includes anagement function 26 for
managing the statuses of the stations, and thig fanction first realized by this
embodiment. Note that the management function &% Ime physically independent of

the system controller 24.
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[0025] 16 indicates an adapter, 18 indicates a comication device such as a device
server, and a communication apparatus of this emisd is constituted by these
elements. The adapter 16 is inserted between #rufacturing apparatus 4 and the
E84 communication terminal 11, and the communicatievice 18 communicates with
multiple adapters 16 for example via wires, Wi-Wiiieless Fidelity), or the like, and
communicates with the access point 22 via a wisele&N, Wi-Fi, or the like. 14
indicates an obstacle detection unit that compmspsrson sensor, switches, or the like,
and detects the existence of an obstacle suclpassan in the vicinity of a station ST
and transmits a notification to the communicati@vide 18 via Wi-Fi or the like. A
communication system of this embodiment is constituby the elements from the
overhead traveler 8 to the management functiomZG. 1.

[0026] FIG. 2 shows the configuration of the adafitt and the communication device
18. 12 indicates a station terminal, which is engwnication terminal on the station
ST side. 28 indicates wired parallel communicatibmes between the EB84
communication terminal 11 and the station termirfaland the number of lines shown
is smaller than in actuality. The adapter 16 wsesvitch 30 to switch ON/OFF the
connection of communication lines 28 between thé &3nmunication terminal 11 and
the station terminal 12 on the station ST side. e $tate in which the connection is
OFF is called the adapter control mode, and thte stawhich the connection is ON is
called the adapter pass mode. Note that 31 anddB82ate connectors for connection
with the communication lines 28. Also, 29 indicaszcond communication lines that
branch out from the communication lines 28. Nab# the switch 30 is illustrated as a
switch having a mechanical connection point forghke of convenience in FIG. 2, but
it is preferable to apply a semiconductor switch.

[0027] The communication device 18 is made up ohan circuit board 40 and an
adapter board 42 for each IO port connected tadapter 16, and although five adapter

boards 42 are included, for example, only one ehths illustrated. 34 indicates
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wired communication lines, and 35 to 37 indicatar@xtors. A mode control circuit
43 controls the switch 30, and a control circuitséhds signals to the station terminal
12 in the adapter control mode. Watch circuitsa#hfl 46 watch signals transmitted
along the communication lines 28, and 47 to 50caid individual ports. Note that the
individual ports 47 to 50 are each assigned a pomiber, and the port numbers need
only be numbers that uniquely specify which adag#rthe port is associated with.
The communication device 18 watches signals froentthnsfer vehicle via the E84
communication terminal 11 in the adapter pass madd, watches signals from the
station terminal 12 in the adapter pass mode arideradapter control mode. These
signals are signals related to the transfer otlagiand are based on the E84 protocol,
for example.

[0028] FIG. 5 shows signals on the communicatioedi 28 in the adapter pass mode
(10 port P1) and the adapter control mode (IO 2}, with OUT indicating signals
from the communication device 18 or the E84 commaion terminal 11, and IN
indicating signals from the station terminal 12.he$e signals are transferred to the
management function 26 via the LAN and stored thereFor this reason, data
corresponding to FIG. 5 is accumulated in the mamant function 26 for all of the
stations.

[0029] The CPU 54 performs overall control of thmmmmunication device 18, and a
LAN unit 52 communicates with the access point 22FIG. 1. The LAN unit 52
stores a network address (IP address) for each comation device 18 and port
numbers for specifying the adapters 16, and onenuamcation device 18 manages
multiple adapters 16 in principle. In communicatlmetween the LAN unit 52 and the
system controller 24, the port number is added he hetwork address of the
communication device 18 in order to specify whitdtiesn ST the signal is related to.
[0030] FIG. 3 shows processing in the communicatitavice 18 and the system

controller 24. The adapter 16 is normally plagethe adapter control mode, in which
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communication between the E84 communication terhriisand the station terminals
12 is not possible and communication between tmenzonication device 18 and the
station terminals 12 is possible, and the commuioicalevice 18 watches the statuses
of the stations ST using signals from the statierminals 12 (step 11). The
communication device 18 reports the statuses o$tidteons ST to the system controller
24 (step 12), and the system controller 24 stdresstatuses of the stations ST in the
management function 26. The system controller|2d modifies transfer instructions
according to the statuses of the stations ST &l¢p

[0031] The system controller 24 manages the postistatuses, and the like of the
overhead travelers 8 in real-time, and thereforerwdin overhead traveler 8 approaches
a station ST in order to transfer an article, a enddange in an adapter 16 is instructed
(step 22), and the communication device 18 chatigestatus of the adapter 16 from
the adapter control mode to the adapter pass nsbele 13). Note that a configuration
is possible in which a communication request framoaerhead traveler 8 is watched
for more toward the E84 communication terminal Hant the switch 30, and a change
from the adapter control mode to the adapter pasteris made when a communication
request is detected. According to this configoratan article transfer can be executed
even in the case of the arrival of an overheacktea8 not in the schedule in the system
controller 24.

[0032] In the adapter pass mode, communication émtwthe E84 communication
terminal 11 and the station terminals 12 is possildommunication between the
communication device 18 and the station termin2lssinot possible in principle, and
the communication device 18 watches the status@#seddtations ST and the transfer of
articles using signals on the communication linegs2ep 14). The overhead traveler
8 communicates with the E84 communication termidatising optical communication
or the like, this signal is transferred to theistaterminal 12, and the E84 protocol for

article transfer is executed. Also, signals betwé®se overhead traveler 8 and the
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station terminal 12 are transferred from the comication device 18 to the system
controller 24, and the system controller 24 can aganthe transfer execution situation
(step 23). When communication between an overhiadeler and the E84
communication terminal 11 ends (step 16), the naddbe adapter 16 is returned to the
adapter control mode due to an instruction fromdaystem controller 24 for example
(steps 17 and 24). Note that the mode of the adapt may be returned to the adapter
control mode due to the communication device 18ivatg a transfer end confirmation
signal transmitted between the overhead traveldrtia@ E84 communication terminal
11, rather than due to control by the system cdatr@4. In the adapter pass mode,
conventional communication can be executed betweemverhead traveler 8 and the
station terminal 12, and the adapter 16 monitaescimmunication.

[0033] The overhead traveler 8 also includes a comeoation unit that performs
communication via the LAN 20. The overhead trav8ean find out the status of a
station using data in the management function Before arriving at a drop-off or
pick-up station, the overhead traveler 8 startsozqulure for article transfer with the
station in the adapter control mode via the LAN 2@lso, after the article transfer, the
overhead traveler 8 executes an article transfeptetion procedure with the station in
the adapter control mode while starting to travehccordingly, the overhead traveler 8
can start traveling before executing the transéenmetion procedure.

[0034] According to the above configuration, theteyn controller 24 can manage the
statuses of the stations ST. For example, if thios ST that is the travel destination
of the overhead traveler 8 is not in a state inclran article can be transferred, it is
possible to instruct the overhead traveler 8 inaade to pass the target station ST and
travel in a loop, or perform article transfer wiimother station. Accordingly, the
overhead traveler does not needlessly stop or dimmn and cause congestion. The
system controller 24 cannot find out the statudethe stations ST until transfer is

requested by a production management controllet $hown), or until a transfer
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request is received from a production managementraer in the conventional
example. In this embodiment, the system contr@#ecan recognize the existence of
a transfer article or the like at a station ST befa request is received from a
production management controller. Accordingly, gystem controller 24 can, for
example, dispatch an available overhead traveter&h intra-bay route (bay-unit loop
route) to which the station ST belongs. Also nfaaticle that is to be transferred to the
station ST next is already known on the systemrobat 24 side, the transfer of the
article to the station ST can be started beforeqaest is received from the production
management controller.

[0035] The overhead traveler 8 transfers an artigidowering an elevation platform
directly above the station ST, and therefore tlageecases where the elevation platform
or the article interferes with a person or the likeghe vicinity of the station ST. For
this reason, the overhead traveler 8 is equippéd avi obstacle sensor or the like, and
obstacles in the vicinity of the station ST areedestd. However, it is difficult to
reliably detect a person in the vicinity of thetstia ST from the vicinity of the ceiling.
In contrast, it is easy to prohibit transfer wille toverhead traveler by pressing a switch
provided on the station ST, or detecting a persith & person sensor provided on the
station ST. In view of this, interference betweeperson and the overhead traveler
can be reliably prevented by, with use of signatenfthe obstacle detection unit 14,
maintaining the status of the adapter 16 in theptiacontrol mode and prohibiting
communication between the overhead traveler 8 hadtation terminal 12, or even in
the adapter pass mode, interrupting the prohibmicimansfer with the overhead traveler
8 and making a notification, or the like. Note tthlhe obstacle detection unit 14
performs communication with the communication devi8 via a wire or the LAN 20,
for example.

[0036] In a manufacturing apparatus 4 that includedtiple stations ST and processes

semiconductors in multiple FOUPs in one batch, g¢hare cases where it is not
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important which station ST articles are transfetiedr from. This situation is shown
in FIG. 4. The manufacturing apparatus 4 inclutbes stations ST4a to ST4d, for
example, and the overhead traveler travels in trectibn of the arrow in the figure.
The system controller 24 manages, in real-timayhath of the stations ST4a to ST4d
transfer articles have appeared by communicatidh thie communication device 18,
and therefore transfer instructions given to therbgad traveler are changed such that,
among the stations at which transfer articles lappeared, articles are transferred from
the most downstream station first, and articlestamesferred from the most upstream
station last. If articles are transferred from tlmvnstream station first, it is possible
to prevent overhead traveler congestion among thtess ST4a to ST4d. Similarly,
overhead traveler congestion can be prevented \anicies are dropped off at the
stations ST4a to ST4d by changing the transferuogbns such that articles are
dropped off at the most downstream station amoeagethpty stations with priority.
[0037] Although application to an overhead travedsyistem is described in the
embodiment, the embodiment can be similarly appited maintenance carriage for a
textile machine unit, a loader for a multi-spindb@chine tool, or the like. Also, the
switching between the adapter control mode and atiepter pass mode may be
performed regularly at a cycle of 10 ms to 100 fmsexample, and the transfer vehicle
may be caused to wait for this cycle or more if ommication is not possible.
[0038] Second Embodiment

FIGS. 6 to 13 show a second embodiment of a coruation system 2 and
the communication device 18, and reference numibettsare the same as in the first
embodiment shown in FIGS. 1 to 5 indicate the sansnbers, and aspects not
described below are similar to the first embodimenin FIG. 6, 4 indicates a
manufacturing apparatus, which is a semiconductacgssing apparatus, a fiber
processing apparatus, a machine tool, or the dikd,includes one or more stations ST1

to ST3 and transfers articles 9 to and from ovethiesvelers 8 as examples of a transfer
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vehicle. A ground-traveling automatic guided védhia loader for a machine tool, a
maintenance carriage for a textile machine, or ltke may be used instead of the
overhead traveler 8. Note that the overhead tease travel in one direction along a
traveling route 6. The stations ST1 to ST3 eadftude a station terminal 12, the
overhead travelers 8 each include an E84 commumncaterminal 10, E84
communication terminals 11 are connected to th&ostderminals 12 via adapters 16,
and the E84 communication terminals 11 are supgpddethe traveling route 6. 18
indicates a communication device such as a dewoees and includes multiple 10
ports. The IO ports have the following three typemodes:

» Control mode (mode in which the adapter 16 isused),

» Adapter control mode (mode in which the commatan device 18 and the
station terminal 12 communicate via the adaptey 46

» Adapter pass mode (mode in which the overheaskker 8 communicates
with the station terminal 12 via the adapter 1&, B84 communication terminal 10, and
the E84 terminal 11).
Multiple communication devices 18 are provided Ire tcommunication system 2.
Also, in the control mode, the station terminals d2 directly connected to the
communication devices 18, and are not connectéldet@84 communication terminals
11.
[0039] 20 indicates a LAN, and the overhead trage8eare connected to the LAN 20
via the access point 22, and the system contrafleand the like are connected to the
LAN 20. The communication devices 18 are connetaeitie LAN 20 via the access
point 22 by Wi-Fi or the like, or are directly cauted to the LAN 20 with wires. The
system controller 24 is provided with the managenienction 26, which stores the
current values of data from the communication devit8 (data regarding the statuses
of the stations), and saves past da from the conuation devices 18. Furthermore,

the management function 26 can search for and dada from the communication
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devices 18. Based on the data in the managemectida 26, it is possible to obtain
the number of transfers for each station, the ibigiion of wait time from when an
article is carried out from the manufacturing ajpp@s until the article is transferred to a
station, the distribution of wait time from whemegjuest for the transfer of an article to
a station is given to the system controller uméihsfer is performed, and the like.

[0040] A terminal 58 is connected to the systemtwdler 24, changes transfer
instructions to be sent to the overhead traveleran@lyzes the statuses of stations,
changes operation rules of the communication systenand the like. Also, the
changing of transfer instructions, the analysithefstatuses of stations, the changing of
operation rules of the communication system 2,thedike can be similarly performed
from a fixed or portable terminal 60 as well.

[0041] FIG. 7 shows the communication device 18 dhd adapter 16. The
communication device 18 includes 10 ports P1 to & the 10 ports P1 to P6 each
include a communication cable 62 comprising 17 4c@mmunication lines or the like
and are connected to adapters 16 or station telsni’a For example, there are 17
communication lines in the communication cabler@hmely 8 lines for communication
to station terminals 12, 8 lines for communicatfoom station terminals 12, and one
line for switching a switch 30 of an adapter 16.neTON mode of the switch 30 is the
adapter pass mode, the off mode is the adapterotambde, and the mode of no
connection with the adapter 16 is the control mode.

[0042] The CPU (central processing unit) 54 costtble 10 ports P1 to P6, the LAN
unit 52, the management table 56, and the like.e OAN unit 52 is connected to the
LAN 20 either wirelessly via the access point 22, directly via a wire, and
communicates with the overhead travelers 8, theesysontroller 24, the terminal 60,
and the like. The management table 56 temporatdyes the mode of each 10 port
and the communication data thereof. The communbitatevice 18 is specified by a

network address such as an IP address or a MA@s&ldand the IO ports are specified
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by adding port numbers to the network addressettmmunication device 18. Also,
the 10 ports correspond to peripheral devices enabmmunication system such as the
station terminals 12, and the management tablet@@ssthe network address of the
communication device, the port numbers, data fecigging the peripheral devices that
correspond to the 10 ports, the modes, and comratioit data at the ports. The
significance of the port data is determined basethe mode of the port, for example,
and interpretation rules for this data are storethe management function 26 of the
system controller 24 and the overhead travelers 8.

[0043] FIG. 8 shows an example of data in the mamemt table 56. A MAC
address and an IP address are stored as datayspetife communication device 18,
and station numbers corresponding to the 10 partbars as well as IO port modes are
stored. Communication data passing through thed®@s, which here is 8-bit IN/OUT
data transmitted by E84 communication, is alsocestor Also, in the case of an 10 port
that is connected to an adapter 16, ON/OFF datrdey the switch 30 is also stored,
whereas data regarding the switch 30 does not axidte control mode. Note that
ON/OFF data regarding the switch 30 is redundattt thie mode data, and at least one
of them is stored.

[0044] FIGS. 9 to 11 show the three types of IOt poodes. In the control mode in
FIG. 9, the IO port communicates with the stati@rminal 12 and does not
communicate with the E84 communication terminalddd the communication data (in
this case, 16-bit E84 communication data) is tempgr stored in the management
table 56. The system controller 24 communicatdh thie communication device 18,
and data regarding each 10 port is saved in theagament function 26. By
communicating with the system controller 24 or camimating with the
communication device 18, a transfer vehicle sucarasverhead traveler 8 can find out
the status of a station (whether or not the staapady for transfer) at a location away

from the station. A pre-transfer procedure is clatgal by E84 communication upon
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arriving at or before arriving at the station, @ditransfer is performed, and then the
transfer vehicle departs. Then, after departur@xample, a post-transfer completion
procedure is executed by E84 communication aféersfer completion.

[0045] Although the main peripheral devices in toenmunication system 2 are the
stations, there are other peripheral devices sadireadoors, charging apparatuses for
the overhead travelers 8, and lifters for raising &éowering the overhead travelers 8
from and to a maintenance area. These periphendtes are independent of the
system controller 24 and often do not have a conication function. In view of this,
these peripheral devices are connected to the comation device 18, their statuses
are stored and managed by the management fun@iohtBe system controller 24, and
instructions from the system controller 24 and ltke are transmitted thereto. Also,
there are cases where there is interference betagrmson and an article 9 from the
overhead traveler 8 at a station. For examplé¢héncase where a person attempts to
transfer an article to or from a station or thesJikhere is the risk of interference if the
overhead traveler 8 lowers an article. In viewto$, as shown in FIG. 6, an obstacle
detection unit 14 comprising a person detectionseenswitches, and the like is
provided, and the access of a station by a persaletected. The obstacle detection
unit 14 is connected to an 10 port of the commuiwcadevice 18, or a communication
line from the station terminal 12 and a communaraiine from the obstacle detection
unit 14 are connected to the 10 port, thus makingpssible to detect the presence or
absence of an obstacle on the communication dédcgide. If this data is accessed
by the overhead traveler 8, interference betweenotlerhead traveler 8 and a person
can be reliably prevented.

[0046] If the statuses of stations can be accebsethe system controller 24, the
overhead traveler 8, the terminals 58 and 60, hadike, transfer instructions can be
changed. For example, if transfer to a downstretation is to be prioritized among

stations that are arranged from upstream to doeestralong the traveling route, an
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overhead traveler that is stopped for transfer duwdshinder transfer performed by an
upstream overhead traveler. In view of this, @nsfer can be performed with any of
multiple stations, the transfer instructions ararged such that the downstream station
Is prioritized as long as it is ready for transfeAlso, if an article for which transfer is
urgent, such as a rush product, exists, the tramsfructions can be changed such that
when a station becomes ready, the overhead travaeteediately travels to that station.
[0047] FIG. 10 shows processing in the adapterrobntode. In the adapter control
mode, the overhead traveler 8 communicates withtalios terminal 12 via the
communication device 18 and an adapter 16. Inqodat, the facts that pre-transfer
E84 communication is completed before stopping, dhdt post-transfer E84
communication is completed at the same time asrtlgpaor after departure are similar
to the control mode. The communication data ins¢heases is monitored by the
communication device 18 and stored in the managetable 56 and the management
function 26. Other aspects are similar to the rmdmhode.

[0048] FIG. 11 shows processing in the adapter paste. In the adapter pass mode,
the overhead traveler 8 arrives at a station, atidleatransfer is performed via a
conventional E84 communication terminal 11. In &dapter pass mode, the overhead
traveler 8 communicates with a station terminal ia an adapter 16, and
communication data is monitored by the communicatievice 18 and temporarily
stored in the management table 56 as well as gapslfto the management function 26.
Aspects other than communication with the statemminal 12 are the same as in the
control mode.

[0049] Also, by switching the switch 30 upon regegs an instruction from a
controller or the like via a LAN unit, it is pos#bto dynamically change between the
adapter pass mode and the adapter control mode.exBmple, if an overhead traveler
Is not equipped with a function for communicatinghaa communication device via a

LAN, the system controller gives the communicatit@vice an instruction such that the
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overhead traveler can execute transfer, and tipusdetermined stagion can be changed
to the adapter pass mode.

[0050] Furthermore, if the controller detects ttrahsfer is occurring frequently, and it
is possible for the communication on the LAN to decessive, the communication
device and the overhead travelers are instructed that the 10 ports corresponding to
several stations are changed to the adapter pads, rand the overhead travelers also
perform conventional communication with stationstlwe adapter pass mode. This
makes it possible to alleviate the communicati@udlon the network. Alternatively, if
the communication device detects that an abnorynafias occurred in the
communication unit, 10 ports set to the adaptertrbrmode in the communication
device are changed to the adapter pass mode. niakes it possible to prevent
obstruction of transfer.

[0051] FIG. 12 shows features of the embodiment.

1) The statuses of stations can be recognized teéynand therefore an
overhead traveler does not decelerate or stop @wearnsfer with a station that is not
prepared for transfer.

2) Status data regarding peripheral devices sughstations, charging
apparatuses, lifters, and fire doors can be shidmedighout the entire communication
system 2 via data in the management function 26nigahg to the system controller 24
or via the communication device 18.

3) It is possible to modify transfer instructioasd optimize the operation
efficiency according to the statuses of stations.

4) Operation rules and transfer instructions ca&nchanged according to
determinations made by the system controller 28 ptlerhead travelers 8, the terminals
58 and 60, and the like. Also, data regardingatatcan be analyzed using data in the
management function 26.

[0052] FIG. 13 shows a situation in which an ovexh&aveler 8 can transfer an article
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9 to any of the stations ST4 to ST6, and the stati®T4 to ST6 are aligned in order
from downstream to upstream. For example, theesystontroller 24 designates a
group of stations to which the article can be tiemed, and entrusts the overhead
traveler 8 with the determination of which statiomnthe group the article is to be
transferred to. The station to which the articlesviransferred is then reported to the
system controller 24 by the overhead traveler & the situation in FIG. 13, the
overhead traveler 8 checks the statuses of theors$atST4 to ST6 via the
communication device 18, transfers the articleh® most downstream station that is
prepared for transfer (e.g., the station ST4),thed after transfer, reports to the system
controller 24 that the article was transferrednio $tation ST4. Note that instead of the
system controller 24 designating a group, the grnngy be described in a traveling
route map, and the overhead traveler 8 may autousiygelect the station that is to be
transferred to.
[0053] Preferred Embodiment

FIGS. 14 and 15 show a preferred embodiment. SHnee reference signs as
in FIGS. 1 to 13 denote the same members, and taspetcdescribed below are similar
to the embodiments in FIGS. 1 to 13. The manufagjuapparatus 4 includes one or
more stations ST1 to ST4, the stations ST1 to S€4each provided with a station
terminal 12 and communicate with the communicatievice 18 wirelessly or via a
wire, and data received from the station termirlsand data sent to the station
terminals 12 are stored at 10 ports of the commatino device 18. Also, the station
ST3 is provided with the obstacle detection unit &dd signals from the obstacle
detection unit 14 are input to the 10 port for station ST3 in the communication
device 18. The overhead traveler 8, the systentraltar 24, and the terminals 58 and
60 communicate with the communication device 18 thia LAN 20 and read the
ON/OFF signals of the 10 ports, and can changediNEOFF signals of the 10 ports in

exclusive control. Also, the ON/OFF signals of ti@ ports are stored in the
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management function 26, and can be referenced byotterhead traveler 8, the
terminals 58 and 60, the system controller 24,taadike.

[0054] FIG. 15 shows processing performed in th@amaoinication device. In step 1,
the presence and absence of access to the IOy@rtise LAN is watched, and if an
access is made, the IP address of the device thdé e access, the type of device
such as the overhead traveler 8, the system ctant@4, or the terminal 58, the port
number of the designated 10 port, and the access, tyndicating whether or not
exclusive control is required, are received (step 2

[0055] Whether or not exclusive control is necegsadetermined in step 3, and if not
necessary, information from the device is storeep($), the status of the 10 port (the
ON/OFF signal from the 10 port) is transmitted s&), and communication is ended if
a subsequent request does not exist (step 8).xcltigve control is necessary, but
another device is executing exclusive control, cemication is denied (step 4). If
exclusive control with another device is not beiegecuted, exclusive control is
acknowledged, steps 5, 6, and 8 are executed,hen@N/OFF signal of the 10 port is
changed in step 7. The ON/OFF signal of the IQ pom signal from the transfer
system from the viewpoint of the station termin2l and a change in the ON/OFF
signal corresponds to, for example, a requestdnd #te transfer of an article with a
station, confirmation that transfer ended, or teading of a signal indicating the
occurrence of an abnormality during transfer orltke The overhead traveler 8 then

transfers an article to a station while performaxglusive control, for example.

List of Reference Numerals

[0056] 2 Communication system
4 Manufacturing apparatus
6 Traveling route

8 Overhead traveler (transfer vehicle)
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9 Article

10, 11 E84 Communication terminal
12 Station terminal

14 Obstacle detection unit
16 Adapter

18 Communication device
20 LAN

22 Access point

24 System controller

26 Management function
28 Communication line

29 Second communication line
30 Switch

31, 32 Connector

34 Communication line
35-37 Connector

40 Main circuit board

42 Adapter board

43 Mode control circuit

44 Control circuit

45, 46 Watch circuit

47-50 Individual port

52 LAN unit

54 CPU

56 Management table

58, 60 Terminal

62 Communication cable



ST1-ST6 Station
P1-P6 IO Port

26
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WHAT IS CLAIMED IS:

1. A communication device comprising a commun@atunit configured to
communicate with a LAN, at least one IO port tlatonnectable to a manufacturing
apparatus, and a control unit,

the 10 port being configured to exchange ON/ORfaai including a plurality
of bits with the manufacturing apparatus, and

the control unit being configured and programneed t

receive communication requests from communicadiestinations via
the LAN, and store network addresses of the comeation destinations and data
specifying the 10 port designated by the commurocadestinations,

change ON/OFF signal of the designated IO poddcordance with
requests from the communication destinations, and

transmit the ON/OFF signal of the designated I6rt pto the
communication destinations via the communicatiort and the LAN in accordance

with requests from the communication destinations.

2. The communication device according to clairfuther comprising:

a storage unit for storing presence or absenegafisive control on 10 port,

the control unit comprising a determination undnfigured to determine
whether or not exclusive control on the designatedport is necessary based on
communication requests from the communication dastns, and

the communication device being configured and mgned such that, in a
case where communication requests from the commatimicdestinations are received
and the determination unit determines that exctusontrol on the designated 10 port is
necessary,

if statuses of the designated IO port correspemdabsence of
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exclusive control, the ON/OFF signal of the desigdalO port is changed in
accordance with requests from the communicatiortirdg®ns, and storage of the
storage unit is changed such that exclusive cootidhe designated IO port is present,
and
if statuses of the designated IO port corresptmdpresence of
exclusive control, changing of the ON/OFF signathed designated 10 port is denied,
and
in a case where communication requests from themamication destinations
are received and the determination unit determitines exclusive control on the
designated 10 port is not necessary, the ON/OFRasigf the designated 10 port is
transmitted to the communication destinations ke&adommunication unit and the LAN
in accordance with the requests from the commupitadlestinations regardless of

presence or absence of exclusive control on thigrkged 10 port.

3. The communication device according to clainr 2,0

transfer vehicles configured to transfer artictesand from stations of a
manufacturing apparatus, and a controller configucecontrol a plurality of transfer
vehicles being included as the communication dastins, and

the communication device being configured and nagned to transmit the

ON/OFF signal of the designated IO port to the wal@r via the communication unit.

4. The communication device according to any aines 1 to 3,
the communication device having a network addrasd, data specifying the

1O port.

5. The communication device according to clainr 3,0

the communication device being configured and gwgned such that the
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controller and a transfer vehicle may access théOGPR signal of the designated 10

port.

6. The communication device according to any ainet 3 to 5,
wherein a peripheral device other than the manufiag apparatus is
connected to the 10 port, and being configured aradjrammed such that status data

regarding the peripheral device may be accessédebgontroller and a transfer vehicle.

7. A communication apparatus comprising:
the communication device according to any of cailio 6,
wherein transfer vehicles configured to transfdicles to and from
stations of a manufacturing apparatus, and a déstrthat controls a plurality of
transfer vehicles are included as the communicatestinations, and
wherein the manufacturing apparatus comprisesorananication
terminal configured such that the communicatiomteal may communicate with the
transfer vehicles and is connected to a main bddiieomanufacturing apparatus by a
communication line; and
an adapter configured to be inserted into the comacation line and be
connected to the 10 port,
wherein the communication apparatus is configamed programmed such that
the adapter may switch between
an adapter pass mode of relaying communicatiotwdsn the
communication terminal and the main body and trarsg communication data to the
IO port, and
an adapter control mode of relaying communicatiiween the
manufacturing apparatus and the 10 port if the coamoation terminal and the main

body are not communicating.
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8. The communication apparatus according to clgim
wherein the communication apparatus is configamed programmed such that
the 10 port may switch between a state of beingheoted to the adapter and a state of

directly communicating with a terminal of the maaetiiring apparatus.

9. The communication apparatus according to clawn 8,

wherein the adapter comprises a switch insertamthie communication line,
and a second communication line branched from dinentunication line and connected
to the 10 port, and

wherein the 10 port is configured and programmedvatch communication

with the main body in the adapter control mode iartie adapter pass mode.

10. The communication apparatus according to &wcjaoms 7 to 9,
wherein the communication apparatus is configued programmed to, if an
abnormality of the communication unit is detectgdthnge the 10 port set to the adapter

control mode to the adapter pass mode.

11. The communication apparatus according to &claoms 7 to 10,
wherein the communication apparatus is configuaedl programmed to
receive instructions from transfer vehicles wite tommunication unit, and change the

IO port set to the adapter control mode to the &lggass mode.

12. A communication system comprising:
transfer vehicles configured to transfer artictesand from stations of a
manufacturing apparatus; a controller configuredcomtrol transfer vehicles, and a

manufacturing apparatus-side communication device,
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the communication device comprising a communicatimit configured to
communicate with a LAN, at least one 10 port, arabatrol unit,
the 10 port is configured such that the 10 portyntee connected to the
manufacturing apparatus and exchanges ON/OFF sigolaiding a plurality of bits
with the manufacturing apparatus, and
the control unit being configured and programneed t
receive communication requests from communicatiestinations via
the LAN, including the transfer vehicles and thatcoller, and store network addresses
of transmission origins of requests from the comication destinations, and data
specifying 10 port designated by the communicatiestinations,
change ON/OFF signal of designated IO port inoetance with
requests from the communication destinations, and
transmit ON/OFF signal of designated 10 porttie tommunication
destinations via the communication unit and the LiANiccordance with requests from

the communication destinations.

13. The communication system according to claim 12
the controller controlling the transfer vehiclesiry configured and
programmed to change transfer instructions or stpsfer based on ON/OFF signal of

the designated 10 port.



