[Title of the Invention] Facility Control System And Facility Control Method [Field of the Invention]
Loom] The present invention relates to a facility control system comprising 5 an apparatus controller
that controls an operation of a facility apparatus, a first-layer computer that executes a first-layer
program for issuing an apparatus operating command for the facility apparatus to the apparatus
controller that the first-layer computer is assigned to and for managing an operation result of the facility
apparatus transmitted from the apparatus 10 controller, a second-layer computer that executes a
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request whi 4 E:iﬂfe PV(?F%FPBEeration that is to be accomplished by operating the facility
apparatus, 8iDfdr managing a 15 result of a task that is related to the task request based on the
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carrying-in-and-out locations tor the staS(I:. er cranes in the au mated warehouse an
carrying-in-aﬂﬂlféﬁlﬂ%c‘éefﬁiﬂé 1 the é@ﬁ}ﬁé%&%@&ﬁ%@w}ﬁ%@%n%ﬁ RPESHGEYErs for
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which contratopelationsvoth the task request which is a request for an operation that is
to be accomplished by operating the facility apparatus, and for managing a

15 result of a task that is related to the task request based on the operation
result of the facility apparatus transmitted from the first-layer computer, as
well as to a facility control method using such a facility control system.
[Background Art]

[0002]

20 Facility control systems such as one described above are used, for
example, in a distribution facility that includes, as facility apparatuses, an
automated warehouse having stacker cranes each of which transfers an
article between an article storage rack and itself, sorting carriages for
transporting articles along a predetermined track, storing-and-retrieving

25 conveyers for storing and retrieving articles between carrying-in-and-out
locations for the stacker cranes in the automated warehouse and
carrying-in-and-out  locations for the sorting carriages, and
receiving-and-delivering conveyers for receiving and delivering articles
between the carrying-in-and-out locations for the sorting carriages and

30 article shipment locations, etc.

[0003]

The facility control system in such distribution facility includes
computers (first-layer computers) each of which runs a computer program
(first-layer program) that issues apparatus operating commands for the

35 facility apparatuses to the apparatus controllers which control operations of
the facility apparatuses and that manages the operation results of the



the facility apparatuses and that manages the operation results of the facility apparatuses transmitted
from the apparatus controllers, and a computer (second-layer computer) which runs a computer
program (second-layer program) that issues task commands to the first-layer computers and that
manages the operation results of the facility apparatuses 5 transmitted from the first-layer computers.
[00041 The second-layer computer issues a task command in accordance with a task request
based on a storing-and-retrieving schedule, etc., to the first-layer computers that are assigned to the
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information H{@9063639BatauUsa tBdagHibnreonirol system for the distribution facility disclosed in the
above-gesiétb%%i;atent Document 1 is configured in this manner, for example, if an abnormal
1 .

condition occurs’in the second-layer computer and even if normal operation of the second-layer
computer is subsequeittly dasidret sandueh syrtanneof tHae tisdzbaaan theiliorditehesedaore the
occurrence P ashabDeial eenditjonhee@risitiaizad dha packrs (control devices for the

automated warehouse) issue the apparatus operating commands to the
apparatus controllers each of which individually controls the operation of
20 each apparatus, such as a stacker crane, based on the task command from
the second-layer computer (facility controller) which manages the entire
facility. And the first-layer computers are configured to manage article
management information which is information that specifies the articles
stored in the article storage unit based on information on operation results
25 from the apparatus controllers, such that storage position information given
uniquely to each of a plurality of article storage units of the article storage
rack is associated with identifying information unique to each article stored
in the storage position. This article management information is outputted to
the second-layer computer through a communication line. And the
30 second-layer computer is configured to perform inventory management
based on the storage position information and on the identifying information
unique to each article, by creating rack data (inventory data) by associating
the storage position information with the unique identifying information.
[0006]
35 Because the facility control system for the distribution facility
disclosed in the above-described Patent Document 1 is configured in this



5 data (inventory data) for inventory management can be reconstructed based on the article
management information stored in the first-layer computers, which makes it possible to restore the
system quickly. [0007] However, while the inventory data can be recovered easily with such 10 a
configuration after an abnormal condition occurs in the second-layer computer, no facility controller
would be available until the recovery work is completed; thus, for example, it is necessary to manually
issue task commands to the first-layer computers and thus lowering of the operation efficiency of the
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on the article management information stored in the first-layer computers,
which makes it possible to restore the system quickly.
[0007]
However, while the inventory data can be recovered easily with such
10 a configuration after an abnormal condition occurs in the second-layer
computer, no facility controller would be available until the recovery work is
completed; thus, for example, it is necessary to manually issue task
commands to the first-layer computers and thus lowering of the operation
efficiency of the entire distribution facility cannot be avoided.
15  [Prior Art Reference]
[Patent Documents]
[0008]
[Patent Document 1]
JP Application Publication No. H09-136705
20 [SUMMARY OF THE INVENTION]
[Problems To Be Solved By The Invention]
[0009]
In the field of information processing systems using a computer,
non-stop computer systems have been implemented to avoid the problem
25  that it becomes impossible to continue a process that a program executed by
the computer has been performing if an abnormal condition occurs in the
computer executing the program for performing the process. A non-stop
computer system includes a computer under operation (referred to as an
operational computer) and a computer (referred to as a standby computer)
30  whose sole purpose is to provide the functions of the operational computer in
substitution therefor. And when an abnormal condition occurs in an
operational computer, a failover is performed from the operational computer
to the standby computer, in which the standby computer takes over the
process performed by the program that had been executed by the operational
35 computer in which the abnormal condition occurred. Thus, the process is
continued to be performed without interrupting or stopping the information



computer system includes a computer under operation (referred to as an operational computer) and a
computer (referred to as a standby computer) 30 whose sole purpose is to provide the functions of the
operational computer in substitution therefor. And when an abnormal condition occurs in an
operational computer, a failover is performed from the operational computer to the standby computer,
in which the standby computer takes over the process performed by the program that had been
executed by the operational 35 computer in which the abnormal condition occurred. Thus, the process
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seconthlayetpnodrardfignder as an abnormal condition occurring in the operational
computer, there is a possibility that a condition (so-called split-brain
syndrome) may occur in which the standby computer is automatically
activated by the system despite the fact that the operational computer is
functioning normally.
15 [0011]
In a facility control system such as one disclosed in Patent Document
1 described above, when a high availability cluster is introduced, in which
the second-layer computer is the operational computer, there would be two
second-layer computers that execute the same second-layer program if and
20  when the above-described split-brain syndrome occurs because, for example,
a momentary disruption of the network communication between the
second-layer computer and the standby computer is misinterpreted as an
abnormal condition occurring in the second-layer computer. Then, there is a
possibility that a plurality of task commands may be issued to the first-layer
25 computer. When a plurality of task commands are issued to the first-layer
computer in this manner, the same transport request may be issued again
despite the fact that the transport operation of an article has been completed,
which may lead to a lowering of the processing efficiency of the entire
facility control system. For this reason, there has been a need, in the field of
30 facility control systems, for a non-stop computer system that can reliably
prevent occurrences of the split-brain syndrome and thus, can reduce a
lowering of the processing efficiency of the entire facility control system. In
addition, in a high availability cluster, it is necessary to provide, for a given
operational computer, a standby computer whose sole purpose 1is to
35 substitute for the operational computer, which lead to an increase in the
overall cost for the facility.



20 when the above-described split-brain syndrome occurs because, for example, a momentary
disruption of the network communication between the second-layer computer and the standby
computer is misinterpreted as an abnormal condition occurring in the second-layer computer. Then,
there is a possibility that a plurality of task commands may be issued to the first-layer 25 computer.
When a plurality of task commands are issued to the first-layer computer in this manner, the same
transport request may be issued again despite the fact that the transport operation of an article has
been compl gQ]Nhich may lead to a lowering of the processing efficiency of the entire facility control
system. For this re n.a need, in the field of 3Q facility control systems, for a
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Problems] [%?ﬁ 10A facility control system in accordance with the present invention comprises:
an apparatus contrd\ldathitzantnoishryeration atefakciliyeapptiathe; piastnayareorputer that
executes a&gﬁh@y;ésprogram for issuing 15 an apparatus operating command for the facility

apparatus to thé apparatus controller that the first-layer computer is assigned to_and for.managing an
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based on tH®® gbiihat the first-layer computer is assigned to and for managing an
operation result of the facility apparatus transmitted from the apparatus
controller;

a second-layer computer that executes a second-layer program for

20 1issuing a task command to the first-layer computer in order to cause the
facility apparatus required to process a task request to be operated in
accordance with the task request which is a request for an operation that is
to be accomplished by operating the facility apparatus, and for managing a
result of a task that is related to the task request based on the operation

25  result of the facility apparatus transmitted from the first-layer computer;

characterized by,

a selection processing portion that selects, based on a manual
operation, whether to cause the first-layer computer to execute the
second-layer program that had been executed by the second-layer computer,

30 when an abnormal condition occurs in the second-layer computer;

a substitute command output processing portion that issues a
substitute command for executing, as a substitute-execution-subject
program, the second-layer program that had been executed by the
second-layer computer in which the abnormal condition occurred;

35 wherein the substitute command output processing portion 1is

configured to output the substitute command in accordance with a selection



25 result of the facility apparatus transmitted from the first-layer computer; characterized by, a
selection processing portion that selects, based on a manual operation, whether to cause the
first-layer computer to execute the second-layer program that had been executed by the second-layer
computer, 30 when an abnormal condition occurs in the second-layer computer; a substitute
command output processing portion that issues a substitute command for executing, as a
substitute-execution-subject program, the second-layer program that had been executed by the
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executed inﬁ?i?e 20 second-layer computer is not functioning. Therefore, this avoids a situation where a
system misHEPrER AR A IBRHAF €Ondition has occurred in the second-layer computer, for some
reason (for E¥3ple, because a momentary disruption occurred in the network between the first-layer

computer and the SEeQRHIRAYRS RV vresiE: hfeiaskihakRe alneimet is to be caused

15 to execute the second-layer program that had been executed by the
second-layer computer can be selected based on a user's manual operation,
the first-layer computer can be caused to execute the second-layer program
after the user has confirmed that an abnormal condition occurred in the
second-layer computer and that the second-layer program executed in the

20 second-layer computer is not functioning. Therefore, this avoids a situation
where a system misinterprets that an abnormal condition has occurred in
the second-layer computer, for some reason (for example, because a
momentary disruption occurred in the network between the first-layer
computer and the second-layer computer) despite the fact that no abnormal

25 condition has in fact occurred in the second-layer computer, and where the
second-layer program that had been executed by the second-layer computer
1s automatically executed by the first-layer computer, which results in the
same second-layer program being executed by both the first-layer computer
and the second-layer computer.

30 When the same second-layer program is executed by both the
first-layer computer and the second-layer computer as described above, there
is a possibility that, after a task command is issued to the first-layer
computer, the task command may be issued again to the first-layer computer.
Thus, an apparatus operating command is issued for the same operation and

35 the facility apparatus ends up operating accordingly, despite the fact that the
operation of the facility apparatus required to process the operations in the



25 condition has in fact occurred in the second-layer computer, and where the second-layer program
that had been executed by the second-layer computer is automatically executed by the first-layer
computer, which results in the same second-layer program being executed by both the first-layer
computer and the second-layer computer. 30When the same second-layer program is executed by
both the first-layer computer and the second-layer computer as described above, there is a possibility
that, after a task command is issued to the first-layer computer, the task command may be issued
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occurs in thg %%%81”9 s%é?n computer, because the first-layer computer can be caused to execute the
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first-layer c 9{%& r, which has already been used in the facility control system, can 15 substitute for
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N thelcé)mpsu&% E?t%[tlés ¥3%3the second- layer computer in which the abnormal condition
occurred, it is unnecessary to provide an additional computer whose sole
purpose 1s to substitute for the second-layer computer, which can reduce an
increase in the costs of the facility.
[0017]
20 In short, with the configuration described above, in a facility control
system having a computer that issues a task command to a computer that
controls an operation of a facility apparatus, a system can be provided that
can reduce a lowering in the processing efficiency of the entire facility control
system, even when an abnormal condition occurs in the computer that issues
25 the task command, and that can reduce an increase in the costs of the
facility.
[0018]
In an embodiment of the facility control system in accordance with
the present invention, a plurality of the first-layer computers are preferably
30 provided, wherein two or more of the first-layer computers are preferably
defined as substitution candidate computers that can execute the
second-layer program, and wherein the selection processing portion is
preferably configured to be able to select one of the substitution candidate
computers for executing the substitute-execution-subject program, based on

35 a manual operation.
[0019]



25 the task command, and that can reduce an increase in the costs of the facility. [00181 In an
embodiment of the facility control system in accordance with the present invention, a plurality of the
first-layer computers are preferably 30 provided, wherein two or more of the first-layer computers are
preferably defined as substitution candidate computers that can execute the second-layer program,
and wherein the selection processing portion is preferably configured to be able to select one of the
substitution candidate computers for executing the substitute-execution-subject program, based on 35
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substitute candidate computer. [00211 That is, when a high power computer with enough
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used as they gyt COBHIEIR: O IG a" PRYER APIRRICTHRCWERS de pigh pryes fpmpter
and the low power computer, is defned as the substitute c te C mputer and. thus can be
Celectod. TREBIGIIEE ub Ay preb PP b LS R RacPby 4T NS Eompuer
which canntiheredbie Boththeofivst:layenprigraraandttedesabdndyuaydr progriaen Sinstitasieously,
which in turg, fgsluicas avavesng f{dhBipIPRIEIIRIITIAREY of hrentsjadinreniel gystem.
BO[OO%E 1 substitute candidate computer.

[0021]

That i1s, when a high power computer with enough processing power
to execute both the first-layer program and the second-layer program
simultaneously and a low power computer which has less processing power
20 than the high power computer (e.g., a computer with enough processing

power to execute only the first-layer program) are used as the first-layer
computers, only the high power computer, between the high power computer
and the low power computer, is defined as the substitute candidate computer
and thus can be selected. This prevents the second-layer program from being
25 executed by a low power computer which cannot execute both the first-layer
program and the second-layer program simultaneously, which in turn,
reduces a lowering of the processing efficiency of the entire facility control

system.

30  [0022]

In an embodiment of the facility control system in accordance with
the present invention, the system preferably further comprises a buffer
processing portion that relays data for the task command and data for the
operation result communicated between the first-layer computer and the

35 second-layer computer, wherein the buffer processing portion is preferably
configured to relay an exchange of the data between the first-layer computer



In an embodiment of the facility control system in accordance with the present invention, the system
preferably further comprises a buffer processing portion that relays data for the task command and
data for the operation result communicated between the first-layer computer and the 35 second-layer
computer, wherein the buffer processing portion is preferably configured to relay an exchange of the
data between the first-layer computer and the second-layer computer based on identifying information
with the identifying information assigned to each of the first-layer computer and the second-layer
computer, awhierein e SHRRIUE,ARMIBANT OUIPULPIAERERING PARIRAIRIBIE by capfigured to
issue an identifying 5 mforfmatlon, take over c mman?ﬂ]:or causing the first-layer computer to take over
the identify K THROMAIGR AR HHETbBER EREH R RS e SO HENAYRY o AI0RBH SR Ebnormal
condition ocegmitr tigesecondiayer, camputerhfoe2s1 fiimt s1hke titferqomeessithg pattion is

configured E&B@@éﬁﬂgl%@‘ﬁ%ﬂg% OfﬂngQﬂiB PEtW@ﬁﬁéﬁﬁeWStt@)’%&%n paiter andhihgseeond-layer
compu%er bast on the |geﬂg meqflnformatlocp or exampl

1

L f{) echanf#P gﬁldress ora h,é)st payﬁn%) assigned
to eacli of the ﬂ%?—?ai/%r} c%mpuYer acﬁj(ljntﬁlealslecorl{d‘i?a%/selrn gomSu &r ARd Th&BUBstitdte Tsimand output
processing pottich ésyilrrtivias nnidng dtemidtinhakebogsr eosmsnadditoteasserntitaystirst-layer
computer teéakpaeeriiteidendfyinginfoimatinhtidal hachhean Rssigned ol tie seeatislitayer computer
in which th rmal condition occurred, before outputting the substitute command. Thus, when an
abnormal condition gccurs in the secand-layer computer and thus the second-layer program that had
been executed by tﬂ‘él%c%ﬁﬂdﬂé‘?/e?‘égﬁifplﬁé?%%ﬁguIH%Q%U%%&%Q&%?&U&%WK&HSLIayer
computer, thrchiaffeyepsd chesiig pdtioneaill tieedbiettdapdaycthe plater whithluseddanbkeleyehanged with

the second:{gyer.compyterinyhichiths, ArpormaleendiiRmasstued.pior fiomptha auRstiyting

first-layer computer. [00241 25Thus, even when an abnormal condition occurs in the secqnd-layer
computer aftd ?}ﬂf@ tHE 5 orﬁﬁ%%@fegrot&aﬁ? t(l)'got 83@3&}{8& HPIR S oriP by &P Eomputer

should be cetrsadlttayerexeeutsit &y thefirsthaysubstputer cositimamtie ditsplety pmoregrangnor the
second-laygoptaaiagyhes 4o rraityrihe ddersiving ipformatiofavhich sasufagFasmanages and to

30 which cqmmands,and teparted data are. o b, ragsmitied. A5 g5l & fagibeoR el gystem can
be provided in" which'its configuration can be simplified. 28
assigned to the second-layer computer in which the abnormal condition

occurred, before outputting the substitute command. Thus, when an
abnormal condition occurs in the second-layer computer and thus the
second-layer program that had been executed by the second-layer computer

20 should be caused to be executed by the first-layer computer, the buffer
processing portion will be able to relay the data, which used to be exchanged
with the second-layer computer in which the abnormal condition occurred, to
or from the substituting first-layer computer.

[0024]

25 Thus, even when an abnormal condition occurs in the second-layer
computer and thus the second-layer program that had been executed by the
second-layer computer should be caused to be executed by the first-layer
computer, neither the first-layer program nor the second-layer program has
to modify the identifying information which each program manages and to

30 which commands and reported data are to be transmitted. As a result, a
facility control system can be provided in which its configuration can be
simplified.

[0025]
35 In an embodiment of the facility control system in accordance with
the present invention, the facility control system preferably further



35In an embodiment of the facility control system in accordance with the present invention, the facility
control system preferably further comprises a monitoring computer that executes a monitoring
program which collects and displays information on an operational state of the facility apparatus from
the first-layer computer or the second-layer computer, wherein the substitute command output
processing portion is preferably 5 configured to issue a second substitution command for executing the
monitoring program that had been executed by the monitoring computer in which an abnormal

condition ocgfel«8s 2 seeaRadbelissespaution:ublisct Rrogam, AR WhstelnNershstiuie
command output proce S|F51g ortion Fl& preferably configured to issue the second 10 substitution
bﬂﬁf/ﬁ(fte

command t§4&fiFs2Bafe QLB MR INRSHALESR seibtieddy the Sarbisn
processing pppionat{G0Z6dm thahfiris; miien aomumiteringcorthputerderpldeaided thambpxéeutes a
monitoring Rragram whichsaplieatsandoAisplayg islermatippReamld praistional siate,efiiRe facility

apparaéus fromflhe fir t-]cayer computer or tt&e secon -Iglyer computer, ar%d when aQ.abn(%i%mal
condition oggﬂlrégﬁrﬁﬁe montioiitig SoMPUter, tie Monitsing 6909%%{191@1 (ﬁa& been lé%cu_gd by the
monitoring cermstABEGa RIS @Ccthed by thbamtdageniashipudre Thosliersndep@aassaryto provide

an additiongflemputestp subghiigenion the 20maensaring eesmpuiel, whigll can geducetia gosts.
100271 | )odi t of the facility control system.i cordance with the present invention,
the facility aspl)%)z;rg%%%l?éﬁsgg %@%‘oﬁf&ﬁ@&%&%ﬁﬁ%ﬁ ﬁé\%%ﬁln%d%ig% Sﬁ%i%ung a%(lg)ﬁlyl,%%lvﬁgrein the
first-layer cOMRHEr RIQFESSHABIYRGHRuréd oraisrably tronRgyredsteontser that SSANRIS the

operation ofthe@titieiransportadaevice viherefinrtie sgeondolayerteo mpaterdis giefesbhalyieanfigured to

manage arqﬁlﬁ)%g%gg{tggfg&gatw fREthe &Rl ggg@égjﬁg @&i{j{gnand wherein the task request is
preferably g 30 tﬁinsport request for an article in the distribution facility. [00281 That is, even when an

abnormal c (1)1% n occurs in the second-layer computer which manages the article transport
information for the dizé 1s, when a monitoring computer is provided that executes a

monitoring program which collects and displays information on an
15 operational state of the facility apparatus from the first-layer computer or
the second-layer computer, and when an abnormal condition occurs in the
monitoring computer, the monitoring program that had been executed by the
monitoring computer can be executed by the first-layer computer. Thus, it is
not necessary to provide an additional computer to substitute for the

20  monitoring computer, which can reduce the costs.

[0027]

In an embodiment of the facility control system in accordance with

the present invention, the facility apparatus is preferably an article
25  transport device in a distribution facility, wherein the first-layer computer is

preferably configured to manage the apparatus controller that controls the

operation of the article transport device, wherein the second-layer computer

1s preferably configured to manage article transport information for the

entire distribution facility, and wherein the task request is preferably a
30 transport request for an article in the distribution facility.

[0028]

That is, even when an abnormal condition occurs in the second-layer
computer which manages the article transport information for the entire
distribution facility, it is possible to have the second-layer program, that had

35 been executed by the second-layer computer, executed by the first-layer
computer which manages the apparatus controller which controls the

10



distribution facility, it is possible to have the second-layer program, that had 35 been executed by the
second-layer computer, executed by the first-layer computer which manages the apparatus controller
which controls the operation of an article transport device in substitution for the second-layer
computer in question. Therefore, the article transport device in the distribution facility can operate
properly while reducing a lowering of the processing efficiency of the entire facility control system in
the distribution 5facility. [00291 The technical features of the facility control system in accordance

with the presentipyentp %ﬁ%ﬁ@%&ﬁggﬁ% RHANAGSLIRGR;AR0YS RAYire 2RRUGH-R ffacilit
control method. And such a method IS?\%I% in the ch?f%e 10 of the present invention. Such %facmty

control metAOtRALAIsFroVieRH PR fuhBFSALOL Lt cRTELEcikEAl It th S $X LRty Bonths system
described adisteibutioT Hatibty faoilitypevatommekoly invhcbondahoangith theveresenointlention is a

method usipgdagility eoriehySEPHAMINGrEoBRIMIPASHPAUVERHRL thaticoniIelsiBa9pgration of a

facility glppafraufst; a first-layer computer that executes a first-layer program for issuing an apparatus
operating conimand for the facility apparatus to the apparatus controller that the first-layer computer is
assigned tol@Adbr managing an operation result of the facility apparatus transmitted from the 20

apparatus controlleTlandacbacandfiayereanapuiie thatiBxeceiesialseoershlalierduag@mder issuing a
task Comm%v”f%kftﬁ‘ee f'%é&'éye{n%%@l%‘i‘%rﬂ%rd 10 RRUER Sr‘;%‘ﬁ'é'}b’ JPRJBLEP 5%@% g 4g process a
task request to be opgrate |n.accoro]Iance Wlt% he task req estw or an peratlon

C ! Ich IS a request
that is 1o bPACEBRIILARA SyCHREY AT RACINEY cPAt B A6y i HEA A BSRMCof & task
that isitelatefl théhertask taguest hasetheh thdapbtgtiontesl inef el faaiitylap gakatidettdrs mitted

from the firg;laveh GOMRIR ects NG RAIVCIHR! fREtRRA RAMBSISES ING [lavingsBlsps fhat are

performed b)éthe facility control system: 30a selection processing step of selecting, based on a
manual opetdfiSh; whether to cause the first-layer computer to execute the second-layer program that
had been executed Byahesesofatitiyer cortmltenathed an asisnordrconditibntbecumeietite

second-layeh GeftRMESs a method using a facility control system having

15 an apparatus controller that controls an operation of a facility
apparatus; a first-layer computer that executes a first-layer program for
issuing an apparatus operating command for the facility apparatus to the
apparatus controller that the first-layer computer is assigned to and for
managing an operation result of the facility apparatus transmitted from the

20 apparatus controller; and a second-layer computer that executes a
second-layer program for issuing a task command to the first-layer computer
in order to cause the facility apparatus required to process a task request to
be operated in accordance with the task request which is a request for an
operation that is to be accomplished by operating the facility apparatus, and

25 for managing a result of a task that is related to the task request based on
the operation result of the facility apparatus transmitted from the first-layer
computer;

the facility control method comprises the following steps that are
performed by the facility control system:

30 a selection processing step of selecting, based on a manual operation,
whether to cause the first-layer computer to execute the second-layer
program that had been executed by the second-layer computer, when an
abnormal condition occurs in the second-layer computer;

a substitute command output processing step of issuing a substitute

35 command for executing, as a substitute-execution-subject program, the

second-layer program that had been executed by the second-layer computer

11



a substitute command output processing step of issuing a substitute 35 command for executing, as a
substitute-execution-subject program, the second-layer program that had been executed by the
second-layer computer in which the abnormal condition occurred; wherein in the substitute
command output processing step, a substitute command for causing the first-layer computer to
execute the substitute-execution-subject program is issued in accordance with selection 5 information
selected in the selection processing step. [00301 In an embodiment of the facility control method

in accordanﬁ{a%tmtlhﬁlgrggﬁgﬂﬁgg@gﬁaiﬁoqu@dmh%fdtpe first-layer computers are preferably

provided, wherein tw%or more of the first-layer computers are preferably 10 defined as substitution

candidate compute&HHEFEhnBxd Qe THBLHAYSd-FARPRRG M BIRE DREFERT RIS dection
processing stdyst e fcthesubstitdoo ceantigatéeofmitéay dor exaguthey the execute the

substitute-exesiiientsubiech HRgIB; i PreisEaan Selested Pases epra Mmap unt QPe oA 500311
In an embodiment of.the falcili%g(font{ﬁlem had in accordance \Qlith the present invention, a high power

computer vvli{hoéfr%ﬁ%lﬁrb%c %smgl Ipl)owers oe8>t<1é)& ZPGtRthE f?rsetl-)l’ayer program and the second-layer
program si ously and a low power computer which has less processing power 20 than the high

ph0W§r ﬁomputer arqlpr@fﬁ&bbbfdsﬂéj@ﬁ %Qﬁgsfdaﬂww@gnmt@erﬁlmﬁm facilibecaniidesysiemn, wherein
the high powe er is prefera I e substiute candidate uter. 11Inan
embodment ot Dot Loh s oty e T S RO oL i) o
preferably fBFfPﬁ@ﬁSém}Yr]Pseééﬂéltﬁm%r%@E%iﬁé E@@pfb‘f%i&ﬁ% eRIPIStF sKRISHSHANY and data

for tha operdtifingésultscosubsiitcaiecn betavetid e firshgyeecompuier arichtheseadrd-lHyer

computer, whesgip1fy e llen Rogere s siem af exehande pbing daa bRy eah g lgklaver
computer aﬁgethe second-layer computeé.éi 30 preferably relayed hased on identifying information with

the identifyi inforﬁ%ﬁfﬁ;ﬁtﬁgg?ﬁned 5 BLLREE the FHYBVE Sompdt&r anEHREERESNd-1a4%F computer,
and whereisuipstheusatsstiteudioonsmiziedtoutpeg processimy efiepdy idehtiftédg feedhation sake over
command isyglepbpeissyed. for causing the first-layer computer to take over the identifying

informl%tion [@&;’1]

In an embodiment of the facility control method in accordance with
the present invention, a high power computer with enough processing power
to execute both the first-layer program and the second-layer program
simultaneously and a low power computer which has less processing power

20 than the high power computer are preferably used as the first-layer
computers in the facility control system, wherein the high power computer is
preferably defined as the substitute candidate computer.

[0032]

In an embodiment of the facility control method in accordance with

25 the present invention, the method preferably further comprises a buffer
processing step of relaying data for the task command and data for the
operation result communicated between the first-layer computer and the
second-layer computer, wherein, in the buffer processing step, an exchange of
the data between the first-layer computer and the second-layer computer is

30 preferably relayed based on identifying information with the identifying
information assigned to each of the first-layer computer and the second-layer
computer, and wherein, in the substitute command output processing step,
an identifying information take over command is preferably issued for
causing the first-layer computer to take over the identifying information that

35 had been assigned to the second-layer computer when the abnormal

condition occurs in the second-layer computer.
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35 had been assigned to the second-layer computer when the abnormal condition occurs in the
second-layer computer. [0033] In an embodiment of the facility control method in accordance
with the present invention, the facility control system preferably further includes a monitoring computer
that executes a monitoring program which collects 5 and displays information on an operational state
of the facility apparatus from the first-layer computer or the second-layer computer, wherein, in the
substitute command output processing step, a second substitution command is preferably issued for
executing tfp@d’ggprtorrng program that had been executed by the monitoring computer in which an

abnormal condition_ 10 occurred as a seco gute exe(é%tron Eﬂdem program, and wherein, in
v it

the substitute commandobtd Pé’rﬁ’(%&%i‘?fg e CHR nLotifta a%eprﬁf bly issued
to the first-lyecesyniten hasbdwrtheséedtitn infunmbtipsterigutettimbily Satébtonplockssing step.

[0034] 15In@%ﬂﬂaﬁﬁg%ﬁi;&ﬁ%d@%%cemr%@semﬂdmmgmmm e RIeMrpention, the
facility pparat(irsr @referab% %rtrcle transport devrcer atd%stgﬁ acr Wherern the first-layer
i réd X %a

computer is prefer Corfigured i thatiage tﬂgerﬁf)hor% gon YorsHRY 8pe?atron of the

article transpemdéicarsiHensdn geagatetdalies cenmmadpnzer §@ﬂe@e@é’lyvr§bﬁr@@r,eﬁlt§hﬂanage
article tranmbﬂﬂrawaaﬁnﬁahme@ﬁ{re pisdadiion faejlity, sabuieigintita tiaskdeauweshi preferably

a transport rgch %% ?ﬁo? f‘sé'ﬁled' eegrsctrrp&rltg tﬁgcrlrtgn P“?n%%? 0%%%?% %tﬂlhceéﬁ) %ngﬁ] [0035]

25Fig. 1is an vera an view of a drstr ution acrlrty nction s of a facility
control systeﬁ%rstw%ubgs a6 RBH VI RGe SOFRRUET 1F319W3h}§}%1 fisw dharrdad écmétféeemg at the

time of(a sulastituie dsxecutiorsBOF s AN atd ek slhidun asubient phen gt @ndj sphaly whreeinyich displays
a window gﬁ@g@{ﬁ%ﬁhﬁée&ﬁfﬂﬂ{hﬂ@%ﬁ%ﬂ@ W&@%sing step, the second substitution
command is preferably issued to the first-layer computer based on a selection
information selected in the selection processing step.
[0034]

15 In an embodiment of the facility control method in accordance with
the present invention, the facility apparatus is preferably an article
transport device in a distribution facility, wherein the first-layer computer is
preferably configured to manage the apparatus controller that controls the
operation of the article transport device, wherein the second-layer computer

20 1s preferably configured to manage article transport information for the
entire distribution facility, and wherein the task request is preferably a
transport request for an article in the distribution facility.

[Brief Description of the Drawings]
[0035]

25 Fig. 1 is an overall plan view of a distribution facility,

Fig. 2 shows functional blocks of a facility control system as well as
1ts network connections,

Fig. 3 is a flow chart for the processing at the time of a substitute
execution,

30 Figs. 4A and 4B show an example of a display screen which displays
a window generated by a selection processing portion,

Figs. 5A and 5B show an example of a display screen which displays
a window generated by the selection processing portion,
Fig. 6 shows an example of programs in a substituted state, and
35 Fig. 7 shows an example of programs in a substituted state.
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Figs. 5A and 5B show an example of a display screen which displays a window generated by the
selection processing portion, Fig. 6 shows an example of programs in a substituted state, and
35Fig. 7 shows an example of programs in a substituted state. [BEST MODES FOR CARRYING OUT
THE INVENTION] [0036] A facility control system in accordance with the present invention is
described next where the control system is applied to a distribution facility 1, 5 with reference to the
drawings. As shown in Fig. 1, this distribution facility 1 includes an automated warehouse J which

primarily inqﬁﬁwggﬁt@rﬁn@q{r@%ﬁﬁmét@ﬁﬁr@@Eeﬁ\ﬁ,{Eﬁqﬁmnd-retrieving conveyers 52

each of which tr%gsfers an article B to or from the stacker crane 51 provided to the automated 10
warehouse 5) iving-and-delivering conveyors 53 which function as receiving portions for receiving
articles B from outsidiéatidi faoiinytop hsysetvenngportidas dervdislveningretietdsiBverdinside the

facility, and&_&!&%&PH@&%@&WM@%’B%FW&?&{%@%[%|t635'&| disnspukish sapest and o
transpogt articles between t etﬁorépg-and-retnevmg conveyers 52 and the 15 receiving-and-delivering
Tosaence EagRed

conveyors 53 ence glsrtlgﬁage rack 2 has a plurality of article storage units that are

arranged in the vertfeabhaw miaydligirdetibis(thatus) wiinte fastidal tiraetioteamhangpmatedeft
direction) sugirthaibe Torhside phinadniicle A0 &erageicack isepanidstakingarielgsdn or taking
articles out of the agicle storage rack 2. rality of the artigle ster rack r vided such that
the front si g % 8asragcjuls% 5§a901§ tﬁrelaé:rgh%tr%ﬁﬂo%a t %n%éé%%gl% 2‘%&% sucw%t%%ét Igagrsgé e g%(?)lrage racks

2 are spacetf %iﬁ%?rt PortPeEn faiar. theadddiera G rail 3WIWHARG dtibrReddiiRa e dravels is
provided 25xatwteasany tweesiiestondgéalacks 2ghat faceyeachitherhjoB38]inctiohactsy stacker

crane 51 inludes; adrayvslinsheartirge aving tauewbes s which caadirYRkoR g Haye! 1l 3 and a
vertical movement guiding mast arr nlged vertically.on etrav%]IJLH ﬁt?%fﬁgil and thus is configured to
30 allow a VAT R OAHIETS D AR VeSS e L o 1L ShiBB6T 88 B ne vertical
movement gaidiagesam. whitthesmtankort rale 5 1he donfiglredltd tradsfehizh atticioteanden a

transfer deviegrRiyided-iR1be NericRlY thevalisiRiaHad andamy AIGIE SieiRIsLAK @ftihe article
storagl% rack 2. 35%%rou(iw ide controller 51h fqﬁ)r ontrolling operation of the stacker crane 51 is

provided in'ONe endares of each travel rai 3. WHAité not shown, a

[0037]

Each article storage rack 2 has a plurality of article storage units
that are arranged in the vertical and lateral direction (that is, in the vertical
direction and a right-and-left direction) such that the front side of the article

20 storage rack 2 is open for taking articles in or taking articles out of the
article storage rack 2. A plurality of the article storage racks 2 are provided
such that the front side of a rack 2 faces the front side of the other rack 2 and
such that the article storage racks 2 are spaced apart from each other. In
addition, a travel rail 3 on which a stacker crane 51 travels is provided

25  between any two article storage racks 2 that face each other.

[0038]

Each stacker crane 51 includes a traveling carriage having travel
wheels which can travel on the travel rail 3 and a vertical movement guiding
mast arranged vertically on the traveling carriage, and thus is configured to

30 allow a vertically movable platform to move vertically while the platform is
supported by the vertical movement guiding mast. And the stacker crane 51
is configured to transfer an article between a transfer device provided to the
vertically movable platform and any article storage unit of the article storage
rack 2.

35 A ground side controller 51h for controlling operation of the stacker
crane 51 1s provided in one end area of each travel rail 3. While not shown, a
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movable body side controller is provided to the traveling carriage of each stacker crane 51. And the
ground side controller 51h and the movable body side controller are configured to be able to
communicate with each other by means of infrared lights etc. The stacker crane controller 51C is
configured 5 with, or defined by, the ground side controller 51h and the movable body side controller.
Provided close to the transfer device of each stacker crane 51 is an article identifying sensor Si which
reads in identifying information (information recorded in a bar code, an IC tag, etc.) of articles. And the

10 article idgniifying sﬁlésc%?ﬂﬂgﬂé‘%dﬁﬁ’iﬁ%ﬁ‘%d”fﬁﬁ“ﬂ%%l‘ﬁ(@%i“%%é”@%ﬁgﬂmo the

stacker crane ¢ ntrol er Ing-and-retrievin eyer a rack-side
<toring-and R Bedidn Rpid e & A nErellimng nane: 9|ﬁ‘§0|‘6%gf R%Bb. Each
rack-side steidiegeantiodlirieairg dovéitinnr &2 ddsbaradhel oriommonihe sideishtlea cdrtiibestdage rack 2
V\{[here an 3%‘%&&38@%@?@39[{ Ht@ @chrqméﬁ?a%ﬁ@}(%ﬂ%‘@oﬁ%{@?&h SPF;Ui?léJ@oﬂﬁ uredt
storing:and-refrievin isan e rtion 0 rave r or rtin
carrlag s 58 WhePe nﬁéo[;' &an Segﬁ?)utran erreds ofrP roﬁ?gn Sor ng e aﬂ)l %‘b‘f%\%@o )
carriage- &d@@t@ﬂngand -retrieving location 52b is located at a lateral side of the travel rail 4, to be
more specific. And the siadag-RRE- Rt ngaaeeY@sied ot Aaiglred SushdhatdS operation is

controlled by the stor trieving copmeyer contr 2C, 2 's identifyin nsor 52a,
52b for rea% i C?r? identi La g n%or%aﬁ%ﬁ g\iorr%g(til% r%é%r(? § ong;&éa? ﬁﬁ é% ? ?jegtc ) of
articles is p Bw%ﬁléécﬁeﬁf)’fﬁ@‘ﬂak’,‘k 8 (fﬁ’ﬁﬁaaﬁﬂ |éi’f§1gel'Eﬁ3 tﬁn@@ef%ﬁd e éhf?age side
storingeandaretiidy ity lodftiog 52h s{0080 138Rdohuseding darttiage b isforniigtivaditorbadble to travel

while sensing is;UaYel APSHQHRY NGARSOLA KBQWRLMSIEPE Sich as a rotary encoder or a dog

detector, al% nfigured such that its operation is controlled by the sorting carriage controller 50C.
I

Provided c n article support portion provided to the sorting carriage 50 is a carriage article
Each storing-and-retrieving conveyer 52 has a rack-side

storing-and-retrieving location 52a and a carriage-side

15  storing-and-retrieving location 52b. Each rack-side storing-and-retrieving
location 52a is an end portion on the side of the article storage rack 2 where
an article can be transferred to or from the stacker crane 51. Each
carriage-side storing-and-retrieving location 52b is an end portion on the
side of the travel rail 4 for the sorting carriages 50 where an article can be

20 transferred to or from the sorting carriage 50. And the carriage-side
storing-and-retrieving location 52b is located at a lateral side of the travel
rail 4, to be more specific. And the storing-and-retrieving conveyer 52 is
configured such that its operation is controlled by the storing-and-retrieving
conveyer controller 52C.

25 An article identifying sensor S2a, S2b for reading in identifying
information (information recorded on a bar code, an IC tag, etc.) of articles is
provided at each of the rack-side storing-and-retrieving location 52a and the
carriage-side storing-and-retrieving location 52b.

[0040]

30 Each sorting carriage 50 is configured to be able to travel while
sensing its travel position by means of a known method such as a rotary
encoder or a dog detector, and is configured such that its operation is
controlled by the sorting carriage controller 50C. Provided close to an article
support portion provided to the sorting carriage 50 is a carriage article

35 sensor SO which reads in identifying information (information recorded on a
bar code, an IC tag, etc.) of the article B supported and transported by the
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35 sensor SO which reads in identifying information (information recorded on a bar code, an IC tag,
etc.) of the article B supported and transported by the sorting carriage 50. [00411 The
receiving-and-delivering conveyors 53 include receiving conveyors 5 each of which functions as a
receiving portion for receiving 5 articles B from outside the facility, and delivering conveyors 6 each of
which functions as a delivering portion for delivering articles B to outside the facility. And the system is
configured such that operation of each of the receiving conveyors 5 and the delivering conveyors 6 is
controlled bé/ogt{ﬁ%eégmé%%d5@¢|ivering conveyor controller 53C. In addition, article 10 identifying
sensor S5, P6 for readingin identifying information (information recorded on a bar code, a wireless IC
tag, etc.) of g ﬂﬁ]rés B is provided at each of an end portion, on the upstream side in the article
transport direction, Pheacheenainggaeshde)ivesiend eonery @ortiods; onitdudsstreamesitegin the
article transpart iiecdion lcaach daliveling caRYRY0AS A 5I0UEh s poltigNebWeEds:hgdistribution
facility g. inclugefé a?gé:ilinty altﬁpaéatggesf th tstackﬁz £ nes.51, the storin%)géand- etr'ev'}? conveyers
Wing-and-deilVeRng tonveyors b3 YaRd the sbrtihg e aitiages 50. iS5 the distt

52, the'rece conveyo esor S hution

facility 1 indiutietiohe ARacRefeturrdiguhtponéiers 10r HelDeumengraisterefictingwsndeydreontrollers
52C, the re¢giving-anerdelivering wanvayeoaditiebersadk, thiad thpssamiog eardagh eantigdlers 50C,
as apparatus controlle ch.of which s provi for, orin iation, with, h fagility apparatus
and each OF SV eﬂélhrtl:%nlétﬁac%s,(g:tﬁl((_)er(s)p_éragth)(gliq1 (ﬁlt (—% ?ﬁfggﬁﬁ%g&%}% (%Esglraltsuss %?(?gfé;l BY % Each
apparatus d&?ﬁﬁ%é‘rg@ﬁfﬂﬂdEg?%P%xM}@YQ%iG%ﬂb?Her? fe. al®y isaééih'fi'ﬁﬂveoefﬁﬁéeable to

exchange datenwifiiegckefaciliti ApParatrsdydimenis idiea doypmaunifation iarfactrsuahias, a serial

interface and. a5 iffaged drapsmissioningracss Tee communication pfesfass dshgt RR limjted to those
described abo?\'lhec. And varjous kinds of interfaces may b usechlnsteaecl as long as (;%z%l-tlme

communicafo X ABeCRS NN HEHOREE HRSAHS R SRRy BE PRI et TRAR L $Ad Uhparatus

controllers @f each receiving conveyor 5, and an end portion, on the upstream side in the
article transport direction, of each delivering conveyor 6.
15 [0042]

In other words, the distribution facility 1 includes, as facility
apparatuses, the stacker cranes 51, the storing-and-retrieving conveyers 52,
the receiving-and-delivering conveyors 53, and the sorting carriages 50.
Also the distribution facility 1 includes the stacker crane controllers 51C, the

20 storing-and-retrieving conveyer controllers 52C, the receiving-and-delivering
conveyor controllers 53C, and the sorting carriage controllers 50C, as
apparatus controllers C each of which 1s provided for, or in association with,
each facility apparatus and each of which controls the operation of the
respective facility apparatus.

25  [0043]

Each apparatus controller C includes, for example, a microcomputer,
etc. and is configured to be able to exchange data with each facility
apparatus by means of a communication interface, such as, a serial interface
and an infrared transmission interface. The communication interface is not

30 limited to those described above. And various kinds of interfaces may be used
instead as long as real-time communication can be reliably performed.

[0044]

The facility control system includes the apparatus controllers C,
first-layer computers 10, and a second-layer computer 20. As shown in Fig. 2,

35 in the present embodiment, the facility control system includes a plurality of
the apparatus controllers C, a plurality of the first-layer computers 10 (two
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first-layer computers 10, and a second-layer computer 20. As shown in Fig. 2, 35 in the present
embodiment, the facility control system includes a plurality of the apparatus controllers C, a plurality of
the first-layer computers 10 (two first-layer computers in the example shown in Fig. 2), and a single
second-layer computer 20. Each first-layer computer 10 executes a first-layer program 11 for issuing
apparatus operating commands for the facility apparatuses, to the apparatus controllers C that the
first-layer computer 10 5 is assigned to, and for managing the operation results of the facility

apparatuses frangmitted fipp, e anRaraius contpliers Gokach firstrlayes pompyter 1 gxpeutes one
or more first-layer. program or programsgél Ir;[l,adql tion, each first-layer com utgrf,o is assigned to one
or more apSEFARA EEVRFIRPBREEhEOIErR TR LINER SREVRIEIRY FoR6r&yeteh ARTIAEEt 10

plurality of appgratus ¢dnti@tierssAirtbe dippalicpterscameriemi) i®awsigndd ttoall threa frami vfthe
plurality of apparalus LANYTOHENS LHpHia RRCEAFHIRIRISOMBPHIRTt2Q SHAEUISRA seRAEIRYR) Program

21 for issuing a task c%{’n%nand tat e first-laéer con%;r)luters 10 Jcn order tolg er

?ft the f%cifl%
appara useSthat are. ?equf?éaa% prc?gesrél%q %knl%queest,o%eg%cloor%aﬁ With the t}é%k 'réquest which

is a requeseiPabperatisAnREtided Heoardde pibrerbyoperatividette Cadinglappatatases, and for
managing thengsiits afthexepetatianseforthiedaskieauastbasaskeamheopesatiamiesultsiaf the facility
apparatuseg {rapsmitted. frqm. he.lsi-layer ﬁ%‘%%ers? %?s‘i REPESULIAY %8?&“%}564 é? gSues one
or more command or commands o one or more 20 first-la 21 computer or comput 10 (more than
one c:ompuf@r’%t?ﬁ)ﬂf‘ér ﬂ%§8ﬁf@é‘?ﬁﬁlg). And E’é’&ﬁlfﬁ]éﬁI%@Q%Brﬁﬂﬂ%?ll@%téﬁhﬁﬁﬁl@é% @xecute the

first-layer prdoneatitlloddpsue ruappatatlcopdiating Costmandrtodhegpapparius cosimileds C which
the first-laygg, camMpUIET, 1045 ABRIIREEIQIR AR & Witk NEtask campand figmine
second-layer computer 20. [00451 In addition, the facility control system includes a mqnitoring
computer 369%%@e%?§ﬁ1 &ﬁ%&iﬂﬁ?%&ﬂ%ﬁ% %&ﬁ?@jlég%asﬁ?gﬁ% ﬁ%?ﬁf’é’ﬂ}% computer
30 as showtpinlrigfigstTheremomitonngezsnipuior 30180 txensiessa thenfronhgypaegaratd3keshich
collects ang digplaxs iRfgrmatonabestReradanR! siaiessef the fretliapRarsivResror die first-layer
compyts JATAIE SR IS 20 SO e sl S orene o
operating the facility apparatuses, and for managing the results of the
operations for the task request based on the operation results of the facility
apparatuses transmitted from the first-layer computers 10. The second-layer
computer 20 issues one or more command or commands to one or more
20 first-layer computer or computers 10 (more than one computers in the
present example).
Each first-layer computer 10 is configured to execute the first-layer
program 11 to issue an apparatus operating command to the apparatus
controllers C which the first-layer computer 10 is assigned to in accordance
25  with the task command from the second-layer computer 20.
[0045]
In addition, the facility control system includes a monitoring
computer 30. In present embodiment, the facility control system includes a
single monitoring computer 30 as shown in Fig. 2. The monitoring computer
30 30 executes a monitoring program 31 which collects and displays information
about operational states of the facility apparatuses from the first-layer
computers 10 or the second-layer computer 20.
[0046]
Next, the facility is described with reference to Fig. 2 which shows
35 the configurations of, and the network connections among, the apparatus
controllers C, the first-layer computers 10, and the second-layer computer 20

17



controllers C, the first-layer computers 10, and the second-layer computer 20 which are included in
the facility control system as well as the monitoring computer 30 which accompanies the facility control
system. Note that Fig. 2 merely illustrates one example of a facility control system. And one first-layer
computer 10 or more than three first-layer computers 10 may be 5 provided instead. And more than
two monitoring computers 30 may be provided. 100471 As shown in Fig. 2, the apparatus
controllers C, the first-layer computers 10, the second-layer computer 20, and the monitoring computer

1030 are ”Wﬂi@ﬂya‘i%“ﬁf‘éﬂﬁﬂeﬁyiﬁ‘%H%’FFMW%%%@M%%&E}{PHQ Na e aikigsAcsy-he
communication lines L are configured, for example, as a LAN haying astargﬁopolo y j}nd are
configured f&PYOUISE &0 PR SO AR R B 2hE S e N Cn Tttt ithin the
LAN may benefelyy iBuypeseslongeasettinapiearafus ctmtrbigrsc@the fisststayer cdmguters 10, the

Second"aYQﬁ%@Wchgﬁlﬁﬂ@ﬁhﬁ)%Q%%ﬁi@&HQm@H%@%@r%@d}ﬂé‘f%iﬁﬁ@fﬁﬂwm%@yﬁw itis not
necessary for all&:o&n[i)ut%rs Hlu%tra edin FlgC 2 to Pelon to.%he.same segment. 2%3481 2qu|g. 2 shows
[ in W t}-]%n S

an exa plep(%f) X?CSnng%]Sfa% i in Which & firs yer‘%m%ﬁ%rﬂ%g%ofz?hm cotr%%y AARTS assigned

to the storingrandedirieving conveyers 52 and a first-layer computer 10b for the cranes which is
assigned to[gmet$lacker cranes 51 are provided as the first-layer computers 10. 25In the present

embodiment, the firgt-la mputees 10 also include, among other first-layer co ter first-layer
computer that is aséanglg(%%é%o%%' %érﬁagaeg a}rg%bl % f%sﬁgﬁgﬁe%%or? bﬁtt}é? tﬁigté%sqgi/g?rgned to the
receiving-afBIBRINEFhd Cotleyiieonsd iR EariGommtee Aty thsipondrerang FrBe alsdve.

However, d%@mhﬁimtm}ﬂyma@dt@dnhy 30 disirayemiontpiiein 40 hrﬂq@nﬁghchlmev&_inke they
have the same. cRIIgURHQRS AR h HELIRYRICOMBYLEL K ToioF dheEenenais andsther fiksg-layer

computer 10b for the cranes. Comparat X .enswicomputers, such as, personal computers, or

vely ine
PC servers 8t hat %%rnt&pﬁé%ﬁé’at%ﬂécﬁﬁ?pﬁ? FHEEDE REVAdSFemmunication using
TCP/IP.

In addition, the segment configuration within the LAN may be of any

15  type so long as the apparatus controllers C, the first-layer computers 10, the
second-layer computer 20, and the monitoring computer 30 can mutually
communicate. And it is not necessary for all computers illustrated in Fig. 2 to
belong to the same segment.

[0048]

20 Fig. 2 shows an example of a configuration in which a first-layer
computer 10a for the conveyors which 1is assigned to the
storing-and-retrieving conveyers 52 and a first-layer computer 10b for the
cranes which i1s assigned to the stacker cranes 51 are provided as the
first-layer computers 10.

25 In the present embodiment, the first-layer computers 10 also include,
among other first-layer computers, a first-layer computer that is assigned to
the sorting carriages 50, and a first-layer computer that is assigned to the
receiving-and-delivering conveyors 53 in addition to the first-layer
computers described above. However, descriptions for these additional

30 first-layer computers 10 are omitted here since they have the same
configurations as the first-layer computer 10a for the conveyors and the
first-layer computer 10b for the cranes.

Comparatively inexpensive computers, such as, personal computers,
or PC servers, etc., that are not dedicated computers may be used as the

35 first-layer computer 10a for the conveyors and the first-layer computer 10b
for the cranes. Each of the first-layer computer 10a for the conveyors and the
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35 first-layer computer 10a for the conveyors and the first-layer computer 10b for the cranes. Each of
the first-layer computer 10a for the conveyors and the first-layer computer 10b for the cranes includes
a CPU, main memory, a hard disk, a display, a keyboard, a pointing device (mouse), etc., as well as a
network interface. [00491 5A first-layer program lla for the conveyors for the storing-and-retrieving
conveyers and a first-layer program lIb for the cranes for the stacker cranes are installed in each of the
first-layer computer 10a for the conveyors and the first-layer computer 10b for the cranes. Further,

installed in gach pfhe distaver eopRitend 0rREthe aoRveyeEEOd e 19 firstday s fapputer 10b
for the cran%sggre ag,ec nd-Ianyr pi?ogr 21, adatab se,pro%g@m Qé which the seignd-layer
program 21%8&s % 8& sttt Q@g%ﬁ%@% FYARIOMROLS Y s &g pPScesing portion
and a substitetw cormmtedameatput processing portion, a message queue program 44 which functions
as a buffer ppge$sing portion, and a monitoring program 31. 15[00501 Among the
above-mentioned installed programs, the first-layer.program llg for the conveyors for the
storingg;lnd-retrievir% coﬁﬁ%&é&egnd HesENice glv%ﬁlchir%rpro%}?gm A€ %Oe%ﬁg eg?éfcutégeby, and in,
the first-layst@onpaed Tebriortng eonveyers dnfdrylarslotmetoperarion (At fer Poemianes program

that should foe execyiettby @aades LomMpYUiGTJS NWEhaxecylrdfoRbihall ebayshtanaibgieomputer).
In addition, gmong,he ARovEeftiongd tﬂﬁgg%dc%g{é% 1108 M- ayer pragrampb o dne cranes
for the stacker cranes; the service swﬂ,cﬁln rogram 43, and the message queue program 44 are

executed bysaHediid-raeh (%mbatéﬂbgwrﬂ?@%ﬁwdl%éoa ABE DS ANDIEEL A
computer hfivistgl ayleir benmntmsﬂ;m@ mmmﬁmmﬁefhﬁdeammog@m li’Sg@fdratbe
SeCO”d"ay%fa%ngPégﬁé& Ipgiderally. ik PREESRING FaPasHY.5 feferied, @ abayeis,aigancept that

is defined relatively 30 in terms of the calcplation speed of the CPU, or hard disk access speed, etc.
The above- BB ROEIATY e‘fvgﬂ(%rf;fﬁ%tioﬁdiﬁ ﬂﬁé%&%@?ﬁ?ﬁlﬁg ] §é’(,§o?ld-layer
program 21sudssitnédrestaiodivd thetpedanmdayemsppoptiten 20 nressagr theeserpicesaitchihg program

43, the messRUHOREHLIBFRAAEM BaffhiepRQRIiring REPARIN3H theftsikéiayes preghailigifor the 35
conveyors, @%@e first-layer program llb for the cranes are installed in the second-layer computer 20.
oV

Among the -mentioned programs installed, the second-layer program 21, the data base program

25, and the service AwiteHindlrogbaveamenélenedutetnblpihedsdumsdaayer bmpiret Xvatring a
normal opefaiignald05Pd o ehspoieithathas alcotpaiablapdocassingrgapaniy pssoaadower
the service switching program 43 are being executed by, and in, the
first-layer computer 10a for the conveyors during a normal operation (that is,
20 when a program that should be executed by another computer is NOT
executed on behalf of such another computer).

In addition, among the above-mentioned installed programs, the
first-layer program 11b for the cranes for the stacker cranes, the service
switching program 43, and the message queue program 44 are executed by

25  the first-layer computer 10b for the cranes during a normal operation.
[0051]

A computer having a higher processing capacity than the first-layer
computer 10 is used for the second-layer computer 20. Incidentally, the
processing capacity as referred to above is a concept that is defined relatively

30 1in terms of the calculation speed of the CPU, or hard disk access speed, etc.
The above-mentioned second-layer program 21 and a data base program 25
that the second-layer program 21 uses are installed in the second-layer
computer 20. Further, the service switching program 43, the message queue
program 44, the monitoring program 31, the first-layer program 11a for the

35 conveyors, and the first-layer program 11b for the cranes are installed in the
second-layer computer 20.
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processing capacity than, the first-layer computer 10 may be used as a monitoring computer 30. A
monitoring program 31 is installed in the monitoring computer 30. Further, the service switching
program 43, the message queue program 44, and the first-layer program ha for the 10 conveyors are
installed in the monitoring computer 30. Among the above-mentioned programs installed, the
monitoring program 31 and the service switching program 43 are executed by the monitoring computer
30. [00531 15The processes or tasks performed by each program installed in the first-layer computers

10, the secondlayeg goipguey20y01 e maTiRENg comater 0. umdescbed ety zachprooram i

stored in memory that car be accessed by the computer in which the program in question is installed,

and is execBteg Byl aftiriate PAscREIRg AMrRhRRAABL SRESIR CH N ARe SR AT,
The messageeagercemiprddrathéssimstdibonincathplittee 2bodermentionedifidsoteyaticomputers 10, the
second-layg¢pggmputer 20, and the monitoring computer 30, and is configured to be executed by any
one of these comp%erséle.g r computer 10p.for the cranes). The 25 messagf ueue

G 887é3rr computer

, first-|
program 44 stores or Qe mETgtgf% afya%l% g0 O%Bﬁr z];‘l? raRsittad HBAT e Hactnd-
20 to the firbEpgpepidsmprpas 0 Hrwelths distdaxhe eperatberrddlim ay the faskiey apparatuses

transmitted el the figstdayggemmieralthenhersagopddayemcanputen 26 iflladnessage queue
which inclu a. first-in-first- FIEQ) 3Q.ar [ iqur se |P ress assigned
o the st L ot e e e b B O 5 1S e
exchange CRPRSA8Ea SRy PESE B fterdBdséhontnd o vptaregegram \Mdae dpectaly, all of
the firstlayeonoayputessd Onaballbé sethaddayeroctmgpedar @ eraB8mit the task command data and

operation 35 result daia {0 afiistlayRrCRRMSE JOPIRS g LanRSINALES feRctioningasithe computer
by which the message queu péggram 44 is bemgi&}executed referred to herelnaétﬁ; gs thﬁ‘ﬁ
e d

"message-qUEEI ogthniaRke P ESHIP LTS CRipEn PECERARY thie tHek ESRTMLGTY ¥t

operation resahidatan theofirpiitgred@omputer 10b for the cranes then stores or accumulates them in
the messagg@sgle of the message queue program 44. 5Iincidentally, the stored task command data
and o%ration resulidata are saved in thekmess%]re C%L(lf%e for g set (g)eriod, .whjccthis a sufficiently
shorter time period Hn BR&amStn 1roF%Fnesr aﬂlregl or Swi c%‘fng?%rﬁf%% yaie eoe%lrolr% € message
queue afterftietdayperisaratapees [0oshe second-layer computer 20, or the monitoring

computer 30 are described next. Each program is stored in memory that can

be accessed by the computer in which the program in question is installed,

and i1s executed by the arithmetic processing unit which the computer in
20 question includes.

The message queue program 44 1is installed in all of the
above-mentioned first-layer computers 10, the second-layer computer 20,
and the monitoring computer 30, and is configured to be executed by any one
of these computers (e.g., first-layer computer 10b for the cranes). The

25 message queue program 44 stores or accumulates a task command data
transmitted from the second-layer computer 20 to the first-layer computers
10 as well as data on the operation results of the facility apparatuses
transmitted from the first-layer computers 10 to the second-layer computer
20 in a message queue which includes a first-in-first-out (FIFO) memory

30 area, and is configured to use IP address assigned to the first-layer
computers and the second-layer computer as identifying information to relay
the exchange of the data among these computers based on the IP address.

More specifically, all of the first-layer computers 10 and the
second-layer computer 20 transmit the task command data and operation

35 result data to a first-layer computer 10b for the cranes that is functioning as
the computer by which the message queue program 44 is being executed
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10The second-layer program 21 transmits data (referred to as task command data) related to a task
command for commanding the transport of an article to the IP address assigned to the first-layer
computer 10b for the cranes which is the message-queue-program-executing computer, in accordance
with a task request (for example, "ship ten goods a to Customer 15 A", etc.) generated by a
superordinate input device or system. The task command data consists of, or includes, identifying
information (article ID) of the article to be transported, a transport initial position (or "From" data) of the

article, and @ {faispprt tayoeh pesitign(or TR’ daia) of the adicle-tdaaa (eehing-the sk command
data, the first-layer computer 10b for the cranes Z%i)éuses the?ﬁsggsfge gueue program 44 described
above to stGPEHE UM &%h@?&éﬁle@nﬂﬁﬁﬁ@ t8GHthe ﬁeadl};el?é’%ﬁﬂ@&iﬁ e memory
area of the flegialatiee towiplateerl Obnfigrutes diAindsr [0056aTiee finstatergsagranchmfdaties conveyors
execut(_-:‘d b%ﬁ@%%%ﬁ{?é'lﬁ)é%é&@é"k&’@é@fe]&etf% ﬁQ@sQQQMQM%ﬁ@Eﬁ%%%?ﬁ the task command data
transmitted from th% flrsct{-laﬁeﬁc {BDUtt?r 18bE foiéthe crane§ 3ng€ storgd in th%. message gueue of the
message queue proélrca{meﬂ s a thsk CORnTaRd Y the drdef %' hita pIEH 18la %pparg s operating
command ig¥esganas the Hpparteresntores & acsrdmeedvitiidk soransatiderdin order 30

to operate thiediaeiity apPpeatugah rrauited o RIBEeST AiaTk fedt@btor swibilia® task eegmand for
task comm ‘ij ﬁgggpﬂ%&a%%d n?é‘§ %%%QQASQS eogfpeorr%hcg ;Iég ﬁr%%if(i)tx gpf%asrgguses of different kinds in the
Eam Irst-1 ]

distribution ity 1, one or more yer computer or computers 10 controls, or control, the facility
apparatuse he computer or computers 10 is, or are, 35 assigned to for one task command data.

[005610 More Bhecifiamity] e thegortent? oftie task sodanartdedatacdret stransposk article B
having articlg .8, {an & SPUARBHICE SIHage HRLAHRGA ISR F1ArRae Fadke2 19 Mg sleliyering

conveyor 6", the first-layer program lib for the cranes for stacker crane 51 first issues an aratus 5
operating c8MALH ‘i’o‘i‘%ﬂé‘?%@@l@%@?%%BSTtgt’[%éa%?ﬁé?é(re&ﬁ?fé‘%%‘?roﬁb?@éﬁf rder to
transport therartisle Brhaslingiartitleel D16 drorgamarticterstogage enetoingckesiogputer, in

storing-andelHRYiREL0GaHIM 2R 10kt starFerandireBley NG YRR YEI 0% YRET HestHAgKer crane
51 finiﬁ?es Kansferzn thgrg{tial B having 10 acllriticl ID6to thdi rack-side storing- d-r%\trsi%ving

. tC. (=201 a. superoralin u evice Oor systen. a .
location 524 'of the st |ng-an8-re Pl'evmg onveyer 5, %ﬁé’s%ac er crane controfer reads in the

article 1D ofopiamaiert datie ernaitidofdentinthydesnide gty reviata megtien dektisde ID) of
storing-andtietrigniigel acationb2apante ttanstiits sperarticle AD josheoty Sbiayerproodasa haffor the

conveyors fﬁ{ég%ﬁﬁé}%ﬁ}g‘aa%ﬁestﬂ%QQ&O&VSA’SE%% (or "To" data) of the article. Upon
receiving the task command data, the first-layer computer 10b for the cranes
20 uses the message queue program 44 described above to store or accumulate
the task command data in the message queue formed in the memory area of
the first-layer computer 10b for the cranes.
[0055]
The first-layer program 1la for the conveyors executed by the
25  first-layer computer 10a for the conveyors processes the task command data
transmitted from the first-layer computer 10b for the cranes and stored in
the message queue of the message queue program 44 as a task command in
the order of arrival. That is, an apparatus operating command is issued to
the apparatus controllers C in accordance with task command data in order
30 to operate the facility apparatuses required to process a task request.

Since a task command for task command data is carried out using
one or more of the facility apparatuses of different kinds in the distribution
facility 1, one or more first-layer computer or computers 10 controls, or
control, the facility apparatuses that the computer or computers 10 is, or are,

35 assigned to for one task command data.
[0056]
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100571 When the article ID received from the stacker crane controller 51C is the article ID 6 for
which the transport is commanded by the task command data, the first-layer program ha for the
conveyors issues an apparatus 20 operating command for transporting the article B placed in the
storing-and-retrieving conveyer 52 from the rack-side storing-and-retrieving location 52a to the
carriage-side storing-and-retrieving location 52b in order to have the article B transported to the
transport target position. When the article B reaches the carriage-side storing-and-retrieving 25
location 52b, the stejiggsandaatriayino.cRoNeNR! eontaliel BREeRdsIN MR AMicle dRaf the article with
the article identifying sensor Sﬁ) provided at helffgklége-&de storing-and-retrieving location 52b, and
transmits the ZHIEROTH A HSLeATs LY RISRS PR AsSigiatNBHE S oiNG 8 MBEEBO that
takes over tretrarsplert sioermtoratkhe articth 8. ddiXssugh ctivevayticiet trdresdorsédaysuch a

manner thap,ag.fiai-1aysT feeriRKBra Ao Sovesiavk SPFRRRIS TG appAEgTHS CopraliarsC which

they ar assiﬁne 1o, until the arti%Ie B haviE%the articlﬁ ID 6 Whicgi’stthecﬁutg of the task command
€

ct
data arfives’ fﬁelf}gn%%%rlfl taarrléie 0608%%? ﬁ)&S%? n %&i]f?o%? W_henothe;% g?g%ligﬁ rcer(%?ed to
process thectask&deirhdhdut widencteabie nonmiablidecrtbisdecBrivietad, axieti ol thé dxsparatus
controllers @ &igisoits @pehaiton restitiRIBeR YOS aadefearpaink soeanioalleng tatsaits an

identification, n -m%_er ligue. e h fa kc @and data as well as data (referred to, hereafter, as
. t . .
operation ressaﬁlg 3%?%&%%%59 r‘f8 c%erﬁg%g%on of the operation that corresponds to the task

command data, to tﬂ@%tﬂé@/é%@?ﬁﬁ&ﬂ&%%ﬁ@%{ﬁﬁéﬁﬁéfﬁ%mgy@?ep?&@‘éﬁ B hawang assigned
to the appatratiisleohbolfertC ithguestkrside stachditatdayenprogrgmdchtiansi®its thé operation

Computer L0 e e D e oo
Upon receiVi %ﬂ@@ﬁeﬂgﬁi ST H&S, W i%gt‘?lﬁﬁé}cégﬁf}pgﬁﬂg}ﬁ]é@fﬁ?]?ﬁ(grc SLHEE br
accumulatestthgheperatiosi des statanginnder¢brmessagocpieor dithe medsagerguelie flogram 44,
and transmistiicie thesegpnehlayai-sempeter g whigh i3 predsiergiipedasihpracaier gidhe data.
The S¢ ond-Ja eré)_ro ar@tzi% e&cgteo\l}%etrhgfecond-layer computer 20 processes the operation
result data that are fransmited fom the €ssage-queue-program-executing computer and that are

stored in th@@@?ﬂ]essage queue of the message queue program 44, in the order that the data are
stored. More spas#icey, dhei deddhaddayricdrogiamizd dsaclilightathtoo ol secEi\dng the

operation g5l Jefd S BSTIMANR S ARALIST AAUBTAR S SAUEHRY G AR computer
that executes the secon -Iai/er .
data, the first-layer program 1la for the conveyors issues an apparatus

20 operating command for transporting the article B placed in the
storing-and-retrieving conveyer 52 from the rack-side storing-and-retrieving
location 52a to the carriage-side storing-and-retrieving location 52b in order
to have the article B transported to the transport target position.

When the article B reaches the carriage-side storing-and-retrieving

25  location 52b, the storing-and-retrieving conveyer controller 52C reads in the
article ID of the article with the article identifying sensor S2b provided at
the carriage-side storing-and-retrieving location 52b, and transmits the
article ID to the first-layer program 11 that is assigned to the sorting
carriage 50 that takes over the transport operation of the article B.

30 As such, the article is transported in such a manner that the
first-layer computers 10 issue task commands to the apparatus controllers C
which they are assigned to, until the article B having the article ID B which
1s the subject of the task command data arrives at the transport target
position.

35 [0058]

In addition, when the operation required to process the task
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25 program 21 to update, as required, the data base that associates the identification numbers of the
task command data with the operation result data from the apparatus controllers C. And the
second-layer program 21 can be aware of, or keep track of, the transport operation performed by the
facility apparatus that the processing for the task command data has been 30 completed up to by
referring to the data base. [00601 The monitoring program 31 is executed by the single monitoring
computer 30 (a server) provided in the system. More than one such monitoring computers 30 may be

provided. A glrality ol deppinalsHan 3B MeRIRANGMAYE sopRREIEL IR iheMRpitaLing camputer 30.
And the monitoring term alspdlsglay statistical data, etc. , which the mo |tor|n§q§rogram 31

processed. AEEABRIDANG 81 QRS HRUrRF I b AERE B SinfH PR fER HHH Sne or more
of the apparatus-cdatroflersr@ntneifisstanyedpendifianisonl , mmohtiee seconddayer pragratagd to monitor

the state of gamiaof @luakihe daplily apPasRitspstand dheofarilife SABITOLSYSHFaRMS RREample, the

monitoring graogkam 31 is. configured tq display, qn the display ynit of the monitorjng co ter 30 or on
the moglitorﬁ] t%érlr{”lllnlg%a\l} r%%sq%n(fgs:l o oar/fr’r%][‘fo%ps%gﬁgg %}%%rﬁ%]fl%eﬁ %%n’ﬁswse Sgteﬁr%[[?%%ositions of
the stacker ¢rareeBd datiathsosbientusdrtas Sonhut¢untidhat tredatiiythpparatisetheir MTBF
(Mean Timg,Bsiwean Fahues «ecfailed tholdepintionef doaserisg@nd-wrisiayiig conveyers 52,
ete. [0061L The sanviEeswilehing piaeram 47 Inquiauredilo isniify.a progiarp gy has been
executed by a computer in whichan abnormal condition occurred as a program that Is the subject of
execution 1EePeiyBeiftipaneidae RipREABEcERRSEREAM by Wi nd disshagsigeehis BIf a

selection priiceistinygstep tosglacerbasedbn anfaranuaheperaticimeghethehdo cause thethe
substitute-%%gg%@:aﬁgigglﬁr@rgm-&Q&gﬁ%gg)@gﬂm&qother computer; and to carry out a

substitute cpommand output processing step to issue a substitute command for causing the another
computer t %53 ecute the substitute-execution-subject program. The manual operation is performed
by a user by using, pexaepieyiag ihhat cestetiudesnst deldothe distilaoietingmeviter(e.g. a

mouse), provigeehiothe epamRdtRKEhal ise%ReuRgI e SeRiceRWHERORERGTaM: 3 1ANththe service
switchigg program 43 selects W ether to cause the substitute-e fcgtianfsgb'gect ZS.Frggrt%nél to be
io

execu%ed by AnotHar 88%%%&, Ssed on the fesult of the"&election”(More sﬁloencli]ftléall , on‘an output

signal from thecingueyevieenipyine Atanbarbpe Ritrstetarmimnpreas iherprsdnaeaf, Wokikatfe "selection
processing Padiacih ddegiclanne grithihe presenitedeptiothis ceafigdrigyar defineetby, 20program
(more specifical e Sefyice SWFhing AIOAA™ 43S dAdesqubed sbavs, i “selseton processing
portion” in accordance with the present invention may be configured by both a program (software) and
hardware (iHﬁﬁsag\gr&p)_eue-program-executmg computer and that are stored in the
20 message queue of the message queue program 44, in the order that the data
are stored.

More specifically, the second-layer program 21 is configured to, upon
receiving the operation result data, issue a command to the data base
program 25 executed by the same computer that executes the second-layer

25 program 21 to update, as required, the data base that associates the
identification numbers of the task command data with the operation result
data from the apparatus controllers C. And the second-layer program 21 can
be aware of, or keep track of, the transport operation performed by the
facility apparatus that the processing for the task command data has been

30 completed up to by referring to the data base.

[0060]

The monitoring program 31 is executed by the single monitoring
computer 30 (a server) provided in the system. More than one such
monitoring computers 30 may be provided. A plurality of terminals for

35 monitoring may be connected to the monitoring computer 30. And the
monitoring terminals display statistical data, etc. , which the monitoring

23



More specifically, the service switching program 43 includes a background execution portion that is
executed in the background and a user 35 interface portion which displays information to a user and
which is used to input a command from the user. The service switching program 43 is installed in one
or more computer or computers. And the computer in which the service switching program 43 is
installed performs the selection processing step and the substitute command output processing step.
The computer in which the service switching program 43 is installed may be one 5 or more of the

first-layer c EIH%%%’R%? Pt SEGANArRY Sh SRIMAMIES £00 AHINE MOROHDE,LAMBYET %‘i’ '@8'Uded in

the famhtycﬂ}jrol stem or may be other comp uterw ich belongs to the same netw s these
computers SAd&Fhit Bﬁlﬁl%@mhifﬁﬂ%tg%e%mmﬁ’@@ Eﬁlé’r%pg,ﬂ%ﬁlﬁscgﬁ‘@ ﬂ@e%eﬁ]fflle server,

or a job-oriditetdltereninatagcani®[0062hd the\brmoad- kyreormadgomaitidh decursnmtdretdecond-layer

computer 2@;4be segyiee éwmmmqg@m%@g@mw%ﬁe '%Q%@E‘HQFBBMN ifermpgtion take
over Cd5m d for causin rst Ia er co%uter 10 to take over the IP(idEdre1 assigne to the

secon yer Cgmpa(t% in ql?es Ollll1 8%1 |§r8% %ﬂ}lng Ih?O(I)’H’] %%ur% e ove gl% anoh% issued to
the messag@me%rﬁg%ﬁhwnomtomgaqmmqwo%ﬁapﬁmﬁhﬁe@mq@@@\t@@mmﬁb

second-lay&magaaputen 29 (kie{ﬁfeﬂﬂﬂewlﬁm@fmga@fﬁﬁmaﬁmi@ke)ﬁva{@@ﬁufmdgw@mneg to be

transmitted afnﬁlrecé‘eévq% Y. % glrsé ayer ﬂ%pg % %%t%gg 2 é%t%%lp a%géess of the
second- Iayer computer er the I entl orma on ta e over comman as Issued. Therefore,
the comput&flglmuaeaaw?éaﬁ&% Mepeah e HasiyeesrofAdBE RitAtnE S d to the

fact that the cforpatersvelfiidhetbeodatg- mmiametmavmg@anwmwém &¢eceived have been changed
between befigng gnd after the 25 substitution of the computers. [00631 The background execution
portion is started or gctivated as a baﬁ ground process.simultaneo g{ﬁ ith the, startup of the

computer in which th8 SSRES SR EBE aR BB48 iands ey SBRACE 8 S witching
program 43thahshaits betivatisaadtde binta vwoicipiddicateswiath an abnormal condition

occurred as a program that 1is the subject of execution

15 ("substitute-execution-subject program") by a substitute computer; to carry

out a selection processing step to select, based on an manual operation,

whether to cause the substitute-execution-subject program to be executed by

another computer; and to carry out a substitute command output processing

step to issue a substitute command for causing the another computer to

20 execute the substitute-execution-subject program. The manual operation is

performed by a user by using, for example, an input device, such as a

keyboard and a pointing device (e.g. a mouse), provided to the computer that

is executing the service switching program 43. And the service switching

program 43 selects whether to cause the substitute-execution-subject

25 program to be executed by another computer, based on the result of the

selection (more specifically, on an output signal from the input device) by the

manual operation. In the present embodiment, while the "selection

processing portion" in accordance with the present invention is configured, or

defined by, a program (more specifically the service switching program 43) as

30 described above, the "selection processing portion" in accordance with the

present invention may be configured by both a program (software) and
hardware (input device).

More specifically, the service switching program 43 includes a

background execution portion that is executed in the background and a user

35 interface portion which displays information to a user and which is used to

input a command from the user. The service switching program 43 is
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the service switching program 43 has been activated, at every set period (for example, every 5
seconds) since the activation, to all the computers in which the service switching program 43 is
activated. Incidentally, the activation notice data are transmitted by the UDP multicast. And the
background 35 execution portion of the service switching program 43 is configured to update the list of
activated computers, which list is used to manage activations and powering down of the computers in
which the service switching program 43 is executed (referred to, hereinafter, as a service switching

program exgeyling GamRWen), bAsrd AMPaI&ESIMESAGIYAIONIAlIeH datan [ARGET» L Mer

interface portion is not execu%:e during a normal gperation, byt is activated by an actjvation command
§ !

from a usertf6r SZ5KiPle, DY ERRKIS ARAebATkdY AS sHhALRATiETINmS e AiHdesE Rhen the
user interfapeqeersongssaenvated, thtosnhtonuwsimdom vangdhiht shows eclistofghsteptiviien state of

each of the ggRficR SWICW RS ArPREABIRXESUINGHALO BIRIal mis Jispiayediie dh A @cdsnihe display.
Fig. 4A_shows a stateflrh\l/\éh er compyi t]lgg for th‘a qonveyors ), th%flrst-layer

h first-la r serve
computer 18b %P]fﬁeocranesg fssg:l\%gref)c ﬂqeps%@g d-layer computer %e(%é:&r&;g l‘?c,eéfn%gt’h%nmonitoring
computer 3th@erpanring spevatiber ndtiriidadd Fidrer R ehidws enstalesiystgiit Aramab hsrmal
condition 1%@egupsd putbe aedenhyapsamphies2th (Sesvaiot) apdhipswhichiisesonddayer
program 21,fia6 stopped ARG, Tahis, I Riesent snetlicatian. (he exaression ahngrmal
condition" of a computer means ﬁ]at a program WhicH should Be eing executed in the computer in
question in glﬁo?‘?ﬁ‘é%ﬁgrétﬂéhﬁééem%?@mh@t&é., the program is not functioning). 20 The
facility.eontfolgAtem includes an abnormal condition detection processing portion (abnormal condition

detection program) {pp, dRtgating{heARNAMmALANIIAROhSYAR COMRKIHSer conthtRRIIOTS, the
service switching program 43 includes the selection procéils'smg FE)ortlon which seﬁ:ts hether to cause

the second135er 98 Brogt i SH RgaPFREEREbES al e CBMPUIEH 26 AT HE A R EERHY 10 B e

executed byrddinstatiper Gdreputer ¢Onamchndtfoausingitiepfogtalaykl whwekecl@ddieadhe first-layer
computer 1gkasgekorpadnantia eReratien WhenarRBRanalGopsiipnRecos iR hecserand-layer

compyter 2Q.n question, and the substitute command output prpcessing portion which issues a 30
cubstliie cOMPaE T M B B g R L T R B e
computer 204gY¥ehidiegrambkbrmal condition occurred to be executed as a

substitute-executiorFrubjelibprogiamd it Aasattance st selectolvinfosmatiendeatardiddipston the
result of the, SEI6CHRD) s619CRFO%INE REIGEHONRY IGRSHNY ROke over command was
issued to be transmitted and received by the first-layer computer 10 which
20 has taken over the IP address of the second-layer computer 20 after the
identifying information take over command was issued. Therefore, the
computers included in the facility control system can exchange information
with no regard to the fact that the computers which the data is sent to and
from which data is received have been changed between before and after the
25  substitution of the computers.
[0063]

The background execution portion is started or activated as a
background process simultaneously with the startup of the computer in
which the service switching program 43 is installed. In addition, the service

30 switching program 43 transmits activation notice data which indicates that
the service switching program 43 has been activated, at every set period (for
example, every 5 seconds) since the activation, to all the computers in which
the service switching program 43 is activated. Incidentally, the activation
notice data are transmitted by the UDP multicast. And the background

35 execution portion of the service switching program 43 is configured to update
the list of activated computers, which list is used to manage activations and
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35[00651 The flow of operations for when an abnormal condition occurs in the second-layer computer
20 and the second-layer program 21 stops running, until the second-layer program 21 is executed by
another computer, is described next with reference to the flow chart in Fig. 3 as well as Figs. 4A, 4B,
5A, and 5B which show how the display changes. 5[00661 As shown in Fig. 3, when the user
activates the user interface portion of the service switching program 43 after learning that an abnormal
condition occurred in the second-layer computer 20and that the second-layer program 21 stopped

running, by JaGARS Of Gd%’ﬁ}{rB?Q}Péf&lﬁ)(p‘ﬁ&er@_@r}%H&E@B‘H%W@O%W&ﬂg‘%wzﬁ% 48 1s
displayed (Step #1). An "End" button is djsplf(%ed in the information window WI. And a command

to end the S8s<i3RQfbe FLEBEPESHEY #DFPUMBAITGG dBferfhird HHit (RERGERS nBEASE ke any
actions afteexsediing e ptaterdf lwestd confhwterteihedinfdivation wirtowduth. 15100671 If "End"
is not selecfgddnStep #2, the service switching program 43 proceeds to wait for an input that specifies
the computer that is {o be the.sgbéfct of th%. rocess, Jcn C{h(? [Bresent emboijiment, two first-layer
computers 10 are 2 per&/sialé A ﬂggs%o o firstyerEompliters ‘18 tefidaAs £ B&hution
candidate dowipiferstivategvhanaheastbraperifosmhsscsremagetieomMotkexe mnlte iformation
window Wlc{iekaxamp!esday ptoing sheharodse foipterin tiBsquaraadesssbeiatedenitirthe
second-laysy, FOMPISA0;ARS.clicking3 25 Mense RUllanl ASEISFon IR ie fligplpyed which
displays the computers that can execute the second-layer program 21, as shown in %lg. >A, based on
the informafidf RER%aEaDysEdanelorasd ief dhecRAITBEC oPIRBIR G RETHI HeFFRE BEMBUter to

execute thecseqmmtbi_ayﬂr @'rs}gllwyncﬂidst_helexged doy tahmahslpla;p_dﬁaglomﬁ(i shothe sulasttizition computer
is 30 selectgd, fyhaniapui)- 4 selagtion vindeys Wiz, the, e, SisflayRy Cg%@l%ﬁer%%o {pamely, the

first-layer c er 10a for the caonveyors.and the first-laye ter 10b th , which
dlefin e)(; as gﬁ%ﬁﬁgﬁﬁff&%%ﬁ%ﬁ \g ¥or the craneé ser\)flelE g?frgﬁlé! Sécond-?artyel? g(;fal’lnpelfgel\‘,v ch are

20 (server 1), and the monitoring computer 30 (server 4) are operating
normally. And Fig. 4B shows a state in which an abnormal condition
15 occurred in the second-layer computer 20 (Server 1), and in which its
second-layer program 21 has stopped running. That is, in the present
specification, the expression "abnormal condition" of a computer means that
a program which should be being executed in the computer in question in a
normal operation has stopped running (i.e., the program is not functioning).
20 The facility control system includes an abnormal condition detection
processing portion (abnormal condition detection program) for detecting the
abnormal condition of such computers.
In other words, the service switching program 43 includes the
selection processing portion which selects whether to cause the second-layer
25 program 21 that the second-layer computer 20 had been executing to be
executed by a first-layer computer 10 and not causing the program 11 to be
executed by the first-layer computer 10 based on a manual operation when
an abnormal condition occurs in the second-layer computer 20 in question,
and the substitute command output processing portion which issues a
30 substitute command for causing the second-layer program 21 that was
executed by the second-layer computer 20 in which the abnormal condition
occurred to be executed as a substitute-execution-subject program, in
accordance with selection information (information on the result of the
selection) selected by the selection processing portion.
35 [0065]

The flow of operations for when an abnormal condition occurs in the
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computers, are displayed as computers that can be selected. That is, the 35 service switching program
43 (selection processing portion) is configured to be able to select one of these computers for
executing the substitute-execution-subject program based on a manual operation. And the service
switching program 43 makes a selection to cause the computer that is selected by the manual
operation to execute the substitute-execution-subject program (Steps #3-5). 51t should be noted that,
although Figs. 4A, 4B, 5A, and 5B illustrate an example in which information on the four computers,

namely, two firshipyer GOMRHIRIEH0o818 7§ GNAJaYSE FIMRIEY 6 r;ffrﬁr‘]jé'ies% itpring;emputer 30,

is displayed in the jnformation window WI, the information wind be able to display
information ‘YAt o?be’th%‘?F '%ﬁuﬁ%rquo?éxﬁnﬁ?@%%‘fﬁ%ﬁn&’?ﬂ%nmt% di¥played or

by changingléserpaed fe068ith refirhencatosdrestiestsisetven Xi6. 63, ahenfrbt-dayErgsomputerlOb for

the cranes) g3, th& SYREHEBIALCAUNERr ROF PRRS§RS RIyElsk thesConfirm” 15 button in the selection
window W2 ervice switching program 43 issues a substitute command for causing the first-layer
or 1AV
0

computer 1 the cranes to execute the second-layer program 21, that had been executed by the
second-layer compéteshowasia siBstunderdditivaes tsavepesdraeiisas et tenitie peaieal operation
(more speciicaliie thewviessiogecielickingréraperatipr fietefdthmng tept# dh ThiBhisrilg service
switching Program 43 Jsslies-a stsite sommand fareaueing s, iretlayercompnipidoh.for the
cranes to execute, as a substitute-execution-subject program, the second-layer program-21 that had
been execuﬁ’é@l%ﬁ‘me?s%c%‘iﬂi’-%%rré&ﬁbﬁger |24 ?}ﬂ?é}sth@fsée(‘i‘fﬁ)‘fpﬁ?gcé’%%%t@ﬁ% pEformed by

the service 2 @witeting wiogamW3 whevaas: i subBtit i osmyedrGaipt)processing step is
performed by the sa(peRiogFa iR ACOapReWHN AP e SEIREIAR RIBHM RIS REiehindhis selection

processing step in th abova—d scribed manney. In add(ﬁO@, in light of the possirgiéiéy that th
t S

second-lay&PBrBttafh 21 thdr G WESIPBXRRURE B HE SELRAH SFTMBUR AS6THNARSY the 30
abnormal cohalftibheseciarad didedot stopkesmingastopeshaivhe citdekppe ride, tistdesirabléhto have the

second-layep aasuREtanZd physinay disc nperiRadvirem the network (for example, by unplugging the
LAN cagble 6(5)é/7gther method). [00691 35The service switching program 43 activates the

second-layer program 21 installed in the first-layer computer 10b for the cranes as well as a data
If "End" is not selected in Step #2, the service switching program 43

proceeds to wait for an input that specifies the computer that is to be the
subject of the process.

In the present embodiment, two first-layer computers 10 are

20 provided and these two first-layer computers 10 are defined as substitution
candidate computers.

When the user specifies the second-layer computer 20 in the
information window W1 (for example, by placing the mouse pointer in the
square area associated with the second-layer computer20, and clicking a

25 mouse button), a selection window W2 is displayed which displays the
computers that can execute the second-layer program 21, as shown in Fig.
5A, based on the information managed by means of the list of activated
computers and in which the computer to execute the second-layer program
21 is selected by a manual operation (i.e., the substitution computer is

30 selected by an input).

In the selection window W2, the two first-layer computers 10 (namely,
the first-layer computer 10a for the conveyors and the first-layer computer
10b for the cranes), which are defined as the substitution candidate
computers, are displayed as computers that can be selected. That is, the

35 service switching program 43 (selection processing portion) is configured to
be able to select one of these computers for executing the
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base program 25 that the second-layer program 21 uses, in accordance with the substitute command.
In addition, dependency of program usage can be defined in the service switching program 43. And, in
the example described above, since the second-layer program 21 uses the data base program 25, the
5 service switching program 43 activates the data base program 25 first and then activates the
second-layer program 21. [00701 After activating the second-layer program 21linstalled in the
first-layer computer 10b for the cranes in accordance with the substitute 10 command, the service

switching p@%@ﬁﬂé&%@%@ﬂﬁ&%es%?&qrﬁﬁéﬁ% Yrd fooheARRIINGA e SBRoNdslaygl.computer

20 in which the abnorma| condition occurred, to the network interface ofbtse first-layer computer 10b

for the cran®Sr¥ics SRS IBEBERELRM A e kes ﬁr§‘§1%%}é?%$ﬂ1ﬁh’€? FOMmAL R fiBa ke cutes the
second-layeerdgdby2hthatdsaad Dpabstinnee xseatida-Bubpo grogtamsteasdetbonstiz aubstitute
command ttﬁ%'gsrﬁﬁt@ﬁgso#g@g).by the service switching program 43 (substitute command output

processing portion). In addjtion, it is alsp possihle to assign the,virtyal IR address simultaneously with,
or befo?e, the activzji[ﬁcﬁﬁ S]fllé(()aﬂée% Stne(ﬁ&jg@%%’p%ggg}%lﬁg%ﬁ %Foﬁf‘%héf po#r‘%’o%?‘?hé%é%sﬁfeartsein the
facility 20 contréReysils eRchvahigd inienationaritier.dheralosmitdprepntaisn thamaliective
information fiieyi) 4hersesenstayer woghiamnetbexaaytaddympeatbist@Ryen eampuiamiob-fagthe cranes
in place of the s d-layer program 21.which h en.exe second-, r_computer 20.
And the se%ﬁ%ﬁgg(grr éradg% rsarél%%%gﬁltg(} %I%/ t]h%e%iof?}%?]%?gr %ﬁ%ﬁm’l gffl)grﬁ'tﬁ% cgrlglr?éls issues a
task commarid 9 Walhl iay e Abbisuispla hHxion B A Hos @RISR R 9am oyt the

message qtietethrapih the mesibge gheueoptegriantdbexényied by he hiyselayesicgmyder 10b for
the cranesjg%yl 30In addition, when an abnormal condition has occurred in the monitoring
computer 3 a(a% when the monitoring computer 30 is selected in Step #3, the computers which can
execute th %) 1oring program 31 that had been executed by the monitoring computer 30 are
displayed in the sel¥¢tien winsomsvlx:taSethersyriice, shitdhinty lonogranmusisetd s fhe 3& computer

for executing-shfe NORUIGIIRD REBSFATRINDBSRHABR MAAUBkesses or click the "Confirm"
15  button in the selection window W2, the service switching program 43 issues
a substitute command for causing the first-layer computer 10b for the cranes
to execute the second-layer program 21, that had been executed by the
second-layer computer 20, as a substitute-execution-subject program based
on this manual operation (more specifically, the pressing or clicking
20 operation) (Step #6, and Step #7). That is, the service switching program 43
issues a substitute command for causing the first-layer computer 10b for the
cranes to execute, as a substitute-execution-subject program, the
second-layer program 21 that had been executed by the second-layer
computer 20. Thus, the selection processing step is performed by the service
25  switching program 43 whereas the substitute command output processing
step is performed by the same program in accordance with the selection
information selected in this selection processing step in the above-described
manner. In addition, in light of the possibility that the second-layer program
21 that had been executed by the second-layer computer 20 in which the
30 abnormal condition occurred did not stop running properly when it happened,
it is desirable to have the second-layer computer 20 physically disconnected
from the network (for example, by unplugging the LAN cable or by other
method).
[0069]
35 The service switching program 43 activates the second-layer program
21 installed in the first-layer computer 10b for the cranes as well as a data
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operation (more specifically, selection of the substitution computer by the user) (Steps #3-#5). And as
described above, when the user selects the substitution computer and presses or clicks the "Confirm"
button in the selection window W2, the service switching program 43 issues, to the monitoring
computer 30, a stop command for stopping the monitoring 5 program 31 executed by the monitoring
computer 30, and subsequently, issues the second substitution command for causing the monitoring
program 31 which had been executed by the monitoring computer 30 in which the abnormal condition

occurred toyhe.exgeuter by e sHBulion,cRMRKIPLAS & SHPSHIYIS X B Ui HhieCtRIggram (Step
#6, and Step #7). That Is, the 10 ser |cﬂ%§\év¢':§hmg pgf‘%?n%g?a issues, to the substitution computer, the

second subSHfutBRSEHMHR R B Yi8Hit BP6GanP 3 PR Had HEkat S8t ed by the
monitoring defipeden80hia wdiiviceherabeivmgabrogditiortdcAmdbdiotbe exacurdd dessribed

SUbSt?tUt?'%&UéiPﬁﬁé@l?fE %@&ﬁ@@a%&%ﬁ%b@ﬂnﬁﬂ%éﬁQﬂM@&MQQ&%%%%A%@@?%Q the 15
substlt%tlon comﬁgter %(lo examPIe the fX%t-la%/.er com Uteé 11%%1 accordance #lgqfthetsecand
substitdtion“COMMmany, the Sernceesiten gaﬁrloV am 43aS8igne28s BARAM arésé e 1P
address as$hgiedeb vasanshrovegrbhayeepBEfwhich the abnormal condition occurred, to the
network int¢g@age]of the substitute computer (i.e., the computer that was 20 selected among the

frst-1ayer computer dfig for (e, coneyars, the [isARNer coppUier A0bJonilE fanegyanddne
second-layer computers 2(%. tis afls possmTe to assign the vir altb & dress simultaneously with, or
before, the BEatABBATOF oMb Mg fSFoGRENFEANES I REAOBEGh T cHASpEYIEL IR facility

contro]l(s_yst_emmerxahdnqhmmatmlsmjitb}(i@, precgmain28 3nferigiornie dﬁd gddeh@jntfhana}tion from)
the monitoring, ArRgiam, 3L exeqUs Iy LREERMAYIET SHeGIRAS dhs WRSHUHRD commuiel in place of
the monitoring program 31 a(?;had een executed by the mf%{egsrgng cgfrlnputer 30. [007@j 30The
service swiﬁﬁ{haﬂjt%g‘?‘éﬂir 395 ERARGURSES RS 8 BrIRss LIy JRBRE B BHE i H Brocessing
of Step #7 i®fitishedaTkis s FevatsetHdtadr esscEhaliars, heterstvémy ehatoabpotaral 6bnditions
occur in mqr@rth@H@ngﬂgﬁkéay%&s@meyte%éo,g@@oﬂm&gémg Pogiemd3 2 Bteghiif needyto be
repeai%d by tt%et_p rr%bgr of firtst-la}ge corp%t:ters in \t\)/hich the 35 ab org}‘nﬁaltconditions %(Eg}l{r%ed. And the
user in erfaglel_pso%glcl)nec%)ﬁe & é%%ebd&?%o ?ﬁ%ﬁd}h %Sr? dI‘:Onr%zl' i §Pe§S N fbﬁ%ljman xaamples of the
patterns of #JEBaaELEE EUEIHARY Heg samicthevsbahteeviagiAm pro grabsas Wjeeripashext with
reference tofrigstopdesshg: pdlusiraiesa edditviation of akdgdskidledescrbsdwitheeference 5

to the flow gy, of - 3RS SISk b0l R4 FIO- GRS FICIBB- 20K SQWS & e where, i
-la P i

the event that an abnormal condition occurs in the secon yer computer e second-layer

program 215¢MEIRBEEPEMEARE ¢ by FHe e tRALPRE C8mPRReF PR (kK HE AbABHEI condition
occuregd is @xetrolesybietnedindtdager ndnpoteidlvioh theegrarmssmit information to and

receive information from) the second-layer program 21 executed by the
first-layer computer 10b for the cranes in place of the second-layer program
21 which had been executed by the second-layer computer 20.
And the second-layer program 21 executed by the first-layer
25 computer 10b for the cranes issues a task command to each first-layer
computer 10 based on the task command data stored in the message queue
through the message queue program 44 executed by the first-layer computer
10b for the cranes.
[0071]
30 In addition, when an abnormal condition has occurred in the
monitoring computer 30 and when the monitoring computer 30 is selected in
Step #3, the computers which can execute the monitoring program 31 that
had been executed by the monitoring computer 30 are displayed in the
selection window W2. And the service switching program 43 selects the
35 computer for executing the monitoring program 31 based on a manual

operation (more specifically, selection of the substitution computer by the
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10[0074] Fig. 7 shows a case where, in the event that an abnormal condition occurs in the
second-layer computer 20 and in the monitoring computer 30, the first-layer computer 10b for the
cranes is caused to execute, as substitute-execution-subject programs, the second-layer program 21
as well 15 as the monitoring program 31. [0075] Thus, with the facility control system in
accordance with the present embodiment, when an abnormal condition occurs in the second-layer
computer 20" a lowering of processing efficiency of the entire facility control 20 system can be reduced

by selecting, hasersen, Mans), ORSIAIAD. JREAELAC LHFE t%“éﬁt’éﬁxehg%‘%f@&%‘)ﬁﬂ execute the
second-layer Erogram 21 that had been executed by th\ﬁe%]gSec omp ter 20. And by causing

the first-laySHRSHBUIAM 6O MRILH R RS 8Z8TS68 i1t EGhtr ‘gﬁgférﬂﬂt ecute the
second-layee agoam2inthear hii2heBreegecuieel bw?@hhagemmgtﬁalye%omspuw 2@irthéich an

abnormal C%l%ti%k ugerApadaciliy C%t@bﬁymﬁﬁ@ef@f%' iﬁg’V*}'HB t%ﬁ%&ﬁge facility
can be reduced. [Alternahl\éf Em%ﬁdlmentsﬂ 3 In the iment des ribed a ahove, an
- Wihén %

example was %%S iTWitic & SUBSHtE Corthang 6t hd.s8

t p%cessmﬁeﬂor iohTssues a

substitute c@ﬁm&ﬁ@%gmémhﬁmwgwmwdéqhé%mﬂwm%ﬁwmmﬂ@Mer to stop
the second-dayerHicegiand %mﬁbha&ﬁ@aﬂ@xeﬁat@%th@@m@daw gompuieh M inhehich an

abnormal copdition dp?’fc%%ﬁ%ﬁ J0RIAGE QLIS & g@é@t‘é§% t}%*ée AN OGY BshGanfigured to check
whether the secon er program as stoppe aé/
a substitute-execution-subject program (Step # and Step #7). That is, the

10  service switching program 43 issues, to the substitution computer, the
second substitution command for causing the monitoring program 31 that
had been executed by the monitoring computer 30 in which the abnormal
condition occurred to be executed as a substitute-execution-subject program.

After activating the monitoring program 31 installed in the

15 substitution computer (for example, the first-layer computer 10) in
accordance with the second substitution command, the service switching
program 43 assigns, as a virtual IP address, the IP address assigned to the
monitoring computer 30 in which the abnormal condition occurred, to the
network interface of the substitute computer (i.e., the computer that was

20 selected among the first-layer computer 10a for the conveyors, the first-layer
computer 10b for the cranes, and the second-layer computers 20). It is also
possible to assign the virtual IP address simultaneously with, or before, the
activation of the monitoring program 31. From that point on, the computers
in the facility control system exchange information with (.e., transmit

25  information to and receive information from) the monitoring program 31
executed by the computer selected as the substitution computer, in place of
the monitoring program 31 that had been executed by the monitoring
computer 30.

[0072]

30 The service switching program 43 is configured to return to the
processing of Step #2 after the processing of Step #7 is finished. This is
because there are cases where, in the event that abnormal conditions occur
in more than one first-layer computers 10, the processing of Step #3 - Step #7
needs to be repeated by the number of first-layer computers in which the

35 abnormal conditions occurred. And the user interface portion can be ended
by commanding an "End" in Step #2.
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result of the checking. 100771 (2) In the embodiment described above, an example was described
in which the message queue program 44 is configured to use the IP address 5 assigned to the
first-layer computers and the second-layer computer as identifying information to relay the exchange of
data among these computers based on the IP address, and to issue an identifying information take
over command for causing the first-layer computer 10 to take over the IP address that was assigned to
the second-layer computer 20 in question when an 10 abnormal condition occurs in the second-layer
computer 2 dqglace of this configuration, the message queue program 44 may be configured to use

host names as identifying information to relay the exchange, of data among these computers based on
the host names andt&4 S IR RS ti%rﬁé&%tm? c?ﬂmﬁéﬁf&dfdlséﬁﬁé?%’ tﬁgl‘ﬁrst-layer

computer 18etoviake wviarhthes 15 bgistmahidel thde waib ad signd diit hhee Sexsor- ftay i gontpatel 20 in
FIUS]S“O” g%&‘?@?@ﬁf&_‘ﬁfi@gi@&ﬁ‘f%ﬁﬁ&ht@@é@fhiﬁQﬁt‘éﬁ%hc@%@ﬂl%dz%i%ofﬁérence|“ addition,
in the embaodiment.described abqve, the service s ing pregra is configur assjgn, as a
virtual ac} r@slg, 6 (%aag;ig{s% %Ezftsvﬁg agsslvg\;ﬂr‘:%d?‘c%(h%ecr11 Or%%ugé’}%h%ﬁ‘ii%nnggﬁ%hg%al

condition ocatreBowstiRecastviiier e Hadh oferrens ibutiuie ebmprimet latendittivamsgurs 1n
substitute-epascuieprlibige-peogiputdrstlethin Haesubstitwiopepmputerinthagdiddnbeatith the
substitution ¢co - Hgwever, in:pl of thi figuration, th rvice switching pregram 43 may
be configurg %@@ggu%g t%vét ?\%‘rr%%dgs%ﬁ?né?y%%ﬁﬁ%%}aﬁéy fglr%c t§ Féall(%sglg;gr111 ? élé?)s% r&éﬁn%eo%hat was
assigned tooﬁ@%ﬁﬁt%%%ﬁﬁh%m&myﬁn%%ﬁ%%Jr?@df%tth% Gifdstitute computer after

activating a $0bSttute-execution-subject program installed in the substitution computer. [00791 30(3)

In the embodiment ggscribge,ahoye, Al sxamalewan diustated, i whichhie substisa; emmand
output processing porfion is coné%ﬂed to be able to %}%t trtlghsecond substitution command for

causing theOStdHorh 515 SFARISA NRE CATPBERH 2X SR e By th B AT RBRS Ot 28 in which
an abnormdheorfaiitonaowsaurcedy potre exObutéar athhe sromid 35 salstidtdexesetioresubject

program. HeweMeruthe.sdbatitbie GauBandograms, the second-layer program 21 as well
15 as the monitoring program 31.
[0075]

Thus, with the facility control system in accordance with the present
embodiment, when an abnormal condition occurs in the second-layer
computer 20,, a lowering of processing efficiency of the entire facility control

20 system can be reduced by selecting, based on a manual operation, whether to
cause the first-layer computer 10 to execute the second-layer program 21
that had been executed by the second-layer computer 20. And by causing the
first-layer computer 10, which has already been in use in the facility control
system, to execute the second-layer program 21 that had been executed by

25 the second-layer computer 20 in which an abnormal condition occurred, a
facility control system can be provided in which the cost of the facility can be
reduced.

[0076]
[Alternative Embodiments]

30 (1) In the embodiment described above, an example was described in
which, when the substitute command output processing portion issues a
substitute command, a stop command is also issued to the second-layer
computer 20 in order to stop the second-layer program 21 that had been
executed by the second-layer computer 20 in which an abnormal condition

35 occurred. In place of this configuration, the system may be configured to
check whether the second-layer program 21 has stopped and displays the
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output processing portion may be configured not to cause the monitoring program 31 to be executed
as a substitute-execution-subject program. [00801 (4) In the embodiment described above, an
example was illustrated in which, the first-layer programs 11 issue apparatus operating commands to 5
the apparatus controllers C such that, when an article B arrives at the end location of a transport
operation by a facility apparatus, its article ID is transmitted to the first-layer program 11 that is
assigned to the apparatus controller C of the facility apparatus that takes over the transport operation
of the article B.,i? 9fdflLtorRetate the facility apparatuses one after another 10 from the transport
initial positij)r? transport target position in task command data. In place of this configuration, a

n to
configurati ) be adapted in which information may be exchanged between or among the

first-layer programs(2)L suthettean hodappartdsscobied| b & ee portsxeonpietiors afeanrdbedaiion by a
facility appagails, teHberfiEstiaver REREr YFogpahl that issassigngd-ta the appamiupcoatrlier C, and
such that this flrst-I%ye%r p{ﬁgrafm ijl transmits a t ansportdstﬁ{t request, for causirllg th% transport of the
article B to ;%Ssé Tlr?ed, (o firlsrt§ aﬂ-:yreﬁrocé)r%ll% T that’is kit nse((f%qhél%%ili%? aﬁ)ﬂ)la%tu%sthat should
be operateddsaxiijong In2aBRitcthéoarabivtiie srabsngiecd 8Bbve rapnskbhesieavaPiitetrated in
which, the fisakéayen ceippiies ddrissy emap pariaiifoperaibig EoMmands-inanenkindk efapparatus
conirollers G, HOUENPF N RIRCE T NISRARANAAN. NG IR, samRHientO Payhe canfigured to
issue apparatus operating commands to two or more kinds of apparatus controllers C. An example of

25 such coﬁh&tﬁréﬁfﬁ)ﬁ ?r?&}'gl?@‘érf@iﬁ%hﬁﬁ?%ﬂiléﬂélﬁr@%?e&o%dﬂér‘l‘éﬁﬁst%vm]éﬂntoaﬂhe facility
contralsystebmtomecahtrabiidigitre cparationsiod teedadiityyappanatpsesra thdwaiebeusehaving, for

example, St@é&lfﬁgﬁi%ﬁﬁl?%h@&é&%ﬁ%@'%@d@@?&é‘?ﬁrﬁ%ﬁ%ﬁ? ﬁ@céﬂﬂ%%f@ﬁ%&%@%ﬁéo’ etc.,

When configured in this manner, the first-layer computer 10 would trans 0 commands sequentially
10 the stackBR BIERE R HRAIPBECREBRHAG iSOG PEABIRMEDE tRdhe sorting
carriage contmolisrte0< i sest orddhechwith rmacoesnaartdtin theure esividd nadlicemmiantdéten (00821
35(6) In thergmbadineahsiesaitpeskalauanan RXamBtel MAS- it aliaiesrin whic o sampuiers of
approximately caual power including, the 3ame power) afe used as the fistayer comppliers 10, and
in which the selection processing portli. n'can select one o ﬁg%wo%rsrf}fayer compﬂters O¥or
executing tehsscaRd: iyerprdgerd P I0hasedrs Ath e saep bpdpatiarcamplaied 8Cthis configuration, a
high power [@@mglter with enough processing

In addition, in the embodiment described above, the service
switching program 43 is configured to assign, as a virtual IP address, the IP

20 address that was assigned to the computer in which an abnormal condition
occurred, to the network interface of the substitute computer after activating
a substitute-execution-subject program installed in the substitution
computer in accordance with the substitution command. However, in place of
this configuration, the service switching program 43 may be configured to

25 use host name as identifying information and to assign the host name that
was assigned to the computer in which an abnormal condition occurred, to
the substitute computer after activating a substitute-execution-subject
program installed in the substitution computer.

[0079]

30 (3) In the embodiment described above, an example was illustrated in
which the substitute command output processing portion is configured to be
able to output the second substitution command for causing the monitoring
program 31, that had been executed by the monitoring computer 30 in which
an abnormal condition occurred, to be executed as the second

35 substitute-execution-subject program. However, the substitute command

output processing portion may be configured not to cause the monitoring
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5 power to execute both the first-layer program and the second-layer program simultaneously, and a
low power computer which has less processing power than the high power computer (e.g., processing
power sufficient to execute only the first-layer program) may be provided. And the high power
computer may be defined as the substitute candidate computer. This configuration 10 prevents the
second-layer program from being executed by a low power computer, which reduces lowering of the
processing efficiency of the entire facility control system when a high power computer and a low power

computer age. 460,23 g, %é%@&[t%ﬂ”&@%%ﬁb@%@-%?é%h‘c‘i‘o@%&ﬁf@%?@%&‘a%?cribed above, the

facility contral system of the present invention was described using a configuration where the control
system is agé)(ﬁg@to a distribution facility 1. However, in place of this configuration, it is also possible to
apply the facility cofdlsybemdfciaprasersinveaderb v cforeramplelcapredliosoralind ifihat is, the
facility 20 appaEHUBHBaYRE MARGUSRIAdETON dRVicESippHhe BRRCYSE HingnE he firsidaver gomputers
10 may_be gﬁnfié%gjred t,g) mana%e H1e a araﬁiﬁjsf coptroillers C tha ccfnt | the c§)erz§tjc%ns of the
producﬁon eViEeLAFAE StOh -?a)%ls c rﬁ%ﬁ er% ’mvgy & %n%lrgllﬁeed ohan aea ran%pecﬁ information

of the entirdgnfdortioh faditRpsRaLt caRer tdakty dejuestifitall e apP3 ¥bdRiction aegokestifdrian article in

the productigaiaeiittef0884he firs(Slaeihg@phodimethdessyihes abayeaoathexasprlenw@s illustrated
in which the nication,li L.are configur e.a;:LAN having a star I 0 perform
communica%%%%@%f %@/Fgga%%le%gra (gi %ﬁ%ﬁ%ﬁ)ﬁ%}s{é%\é i%itlce t%orgtgjgé%g(?n%%%rrga?%é For
example, t¥ fBEIR By HRds e arRTs tretheda B BEIcRRSITa e heRscH e MY eth addition,
an original frotncoheatratsgpbet ugadifdr teitetwark prateasdp@@8tdrget po¢Ridm the exddodiment

described abaye, anexpIERle wes llstrated 33k e fistlRyes Agmauiesd O fay the cranes is

caused to exgcute he message. queue program 44, However, th |Event|on iS not Iimltedé}tao such

configuratich® E8¥Exahpte e H %@Eﬁélﬂﬂeﬂglﬁré’&a‘?ﬁcml bRESIHIU B 8xERfited by
other first-ldyestdeputensogoaiischlds, shelfirshiatyeacomppaaatos foptteotsnveyorsemictyor the
second-lay@b AR e0a A SHANLING CARTREES Ph8XBeH NG HRENASEANS: PeYsRFOgram 44 5
may b selgqiefas desited; n afdiiop, In such & case, when an apnormal canitan pcgyirs in the
computer that executes the r%essage queue_p&?ogram 49f, iNstéad of tausing a subs i?ute computer to
take over tHigsGHRY SUPSHER_AIBoMNTEABIBEIIE Rbi S By 66 litesingSHrdgrara U g istrated in
the embodifranikgescifet @aoviely Biovbeasthgusdliaos afidd -Deyadaptegk suchiasheausing a

predetermi%%gi %%al%ggtg}?dgﬁg\% ?}né%ot £.2Yek ?191%63}10u1d gjeogiloglgﬁgrﬁgg iment described above, a

configuration w s] second-layer computer ysically disconnected from the
network whetP&hlabnormal condition occurs, in light of the possibility that
20 (5) In the embodiment described above, an example was illustrated in

which, the first-layer computer 10 issues apparatus operating commands to
one kind of apparatus controllers C. However, in place of this configuration,
one first-layer computer 10 may be configured to issue apparatus operating
commands to two or more kinds of apparatus controllers C. An example of

25  such configuration may be one in which only one first-layer computer 10 is
provided to the facility control system for controlling the operations of the
facility apparatuses of the warehouse having, for example, stacker cranes 51,
the storing-and-retrieving conveyers 52, and sorting carriages 50, etc.,
When configured in this manner, the first-layer computer 10 would transmit

30 commands sequentially to the stacker crane controller 51C, the
storing-and-retrieving conveyer controller 52C, and the sorting carriage
controller 50C in accordance with a command in the received task command
data.
[0082]

35 (6) In the embodiment described above, an example was illustrated in
which two computers of approximately equal power (including the same
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15 the second-layer program 21 that had been executed by the second-layer computer 20 in which an
abnormal condition occurred did not stop running properly. However, in place of this configuration, a
configuration may be adapted in which, when the service switching program 43 that functions as the
substitute command output processing portion issues a substitute 20 command, it also issues a stop
command to the second-layer computer 20 in order to stop the second-layer program 21 executed by
the second-layer computer 20 in which an abnormal condition occurred. Claims 1. A facility control

system compfising:»an ARRATANE CeHLalgY that GARTRls &9 GPSHREIAN QARG SRRRIAIHS: a

first-layer computer, that executes a firEj-Ia er pro&r%or isngéjng n apparatus operating.command
§

for the facilBF X5SSHIRILH B apHArSRELoRBI HEKiAETLy8Y EbrpIBHS S stdnEd to and for
managing axéOuopegation resuhdfltyefapititgmppabdtud asrbmitted fromuhk eppats controller;

a second-layg{-go5p RURS éﬁﬁﬁ%’éﬁ%l%ﬁ,aas?ﬁgﬁdﬂ@%%% W&ﬁﬁ%‘ﬂé‘?%ﬁ&'i@ﬁ@%‘ﬁ%@@ﬁﬂg to the
flrst-layBer com ute{ in orde;; tcb]c%sc%thf facqilltg %pﬁaratus requyr to rocess a task rec%LSJest to be
operated in*1 accordanes With e aeslegqu% v f&glfgle{lr%ques Yot grownope?f’gﬁ&?{ﬁgf Mo be
accomplishedrbyl speravilytea thaillgrappareteoant for mhrdyingsaleesurotes iR PRV related to
the task reqest hhseHigh thevanemiiopuesulleos therdasilinhapparatis dtafisiitieddrega dhedirst-layer
computer; characterized iy 20 lecti r ing portign th b on a manual
operation, v%%fr‘\%efﬁgl %g%%éy%zpfsr?g%@r %1()8%?)1%:’&%)09 le(g(ge%u%él t g%:fé%%ﬁgy%e%rp%%}%rgn% at had
been execuR@by thd s damydrec SRR HANHI36R IPRAPESAHIDRLS CARE #1HE 18Bcond-layer

compm_ter; @sabsﬂbstghemﬁmdagmﬁ _}pmxgessinqmﬁimmgt ssued &d2b s ubdiitwtepoemmand for
executing, 33 SHRSUIWEIEKSFMIRSUBIRELRIOWATH NG SECI VT REAYIABE 1A hadipeen

executed by, th .second-lai/er computer in whic .trbe;]abnormal condition ocaurre ; wherein the
substitute cBIFHEhCOMEAt PFEREELInYg PORich RIBEnMNIYEH (PTRMIEThEBlb&itttE cBMMENd in

accordancecwitipatselectiorsed as the first-layer computers.
[0083]

15 (7) In the embodiment described above, the facility control system of
the present invention was described using a configuration where the control
system is applied to a distribution facility 1. However, in place of this
configuration, it is also possible to apply the facility control system of the
present invention to, for example, a production line. That is, the facility

20 apparatus may be various production devices in the product line. The
first-layer computers 10 may be configured to manage the apparatus
controllers C that control the operations of the production devices. The
second-layer computer 20 may be configured to manage transport
information of the entire production facility. And each task request may be a

25  production request for an article in the production facility.

[0084]

(8) In the embodiment described above, an example was illustrated in
which the communication lines L are configured to be a LAN having a star
topology and to perform communication using TCP/IP. However, the

30 invention is not limited to such configuration. For example, the network
topology may be a bus network topology or a ring network topology. In
addition, an original protocol can also be used for the network protocol.
[0085]

(9) In the embodiment described above, an example was illustrated in

35  which the first-layer computer 10b for the cranes is caused to execute the

message queue program 44. However, the invention is not limited to such
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30 information selected by the selection processing portion, and wherein the first-layer computer
is configured to execute the substitute-execution-subject program based on the substitute command
that the substitute command output processing portion outputs. 35 2. The facility control system as
defined in claim 1, characterized in that a plurality of the first-layer computers are provided, wherein
two or more of the first-layer computers are defined as substitution candidate computers that can
execute the second-layer program, and wherein the selection processing portion is configured to be

able to Seleggmgégf @181?”'%4“‘@&&}?@‘1363 LOMPUEES foy eXeEUTNG PR 44 may

be
substitute-execytion-subject program, based al operation. 3. Th I|ty co oI system
as defined i ﬁﬂrfdcﬁargét&?%mﬁ y othey ﬁﬁ%@\)@%‘f 88%@?\%&1 ﬁ?ﬂfg’n ?ﬁoé ing power

to execute Bimtt}wefﬁrsldawtpmgﬁa:ﬁoartdhm“eynnblayer)mﬂogh@mesiomdt&rmu@ymd:a10 low

power compiteAwhigh Baaie%ﬁep&@ﬁ@ﬁlf& W@ké@éﬂﬁ%etﬁé Mﬁ@%&ﬁ%&’éeﬁﬁfﬁﬁﬁ?fﬁﬁ the
uter is defined as t ubstitute .candidate

first-layer compufﬁ n th ‘?O er 11

computer. 8 aC| c%sntrgﬁ stem a% r?ed I one oftiEine 7 eﬁljr?hneﬂfg comaprlsmg
a buffer pro@@@@lﬁ@bmwm fd1eyeo B forr ﬂh@ta@r@@uﬁ%aha mﬁsﬂm forede opegaton result
communicated h@tw@@a the fdfaa&éa:ygr gompueitans thenspand-kryefatempiiter, thhetgih the buffer

processing por Rotion i% El(gll%l.%neqb e%n% e%<ﬁhan gv% éh %%Hhsgvgréeq%g;g firsts Igygr computer
ase n

and the second-layer compute on ide tn‘yln rmatlon wit Ing information
assigned tolBaeH 8t frdhmgarbofimart Ssd MY SayEH eSS R SRR NAB M e
substitote cbmmhﬂmhtput]prmeaaimiglgortmade%mdmﬁglhedlimpsumpmdemufyai@ iof@umation take
over commagekier causing the first-layer computer to take over the identifying information that had
been assigned to th glaye mputer Whe%@%ﬁﬁ bnormal copdition occurs in the se ond-layer

computer. 30 5. Th é’t‘@zﬂﬁlﬁ heof & YRR BRIENg

in which the second layer computer 20 is physically disconnected from the
network when an abnormal condition occurs, in light of the possibility that
15 the second-layer program 21 that had been executed by the second-layer
computer 20 in which an abnormal condition occurred did not stop running
properly. However, in place of this configuration, a configuration may be
adapted in which, when the service switching program 43 that functions as
the substitute command output processing portion issues a substitute
20 command, it also issues a stop command to the second-layer computer 20 in
order to stop the second-layer program 21 executed by the second-layer

computer 20 in which an abnormal condition occurred.
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a monitoring computer that executes a monitoring program which collects and displays information on
an operational state of the facility apparatus from the first-layer computer or the second-layer
computer, 35wherein the substitute command output processing portion is configured to issue a
second substitution command for executing the monitoring program that had been executed by the
monitoring computer in which an abnormal condition occurred, as a second
substitute-execution-subject program, and wherein the substitute command output processing portion
is 5 configured to issue the second substitution command to the first-layer computer based on
selection inforymation selected by the selection processing portion. 6. The facility control system as
defined in oﬁ 8f'81aims 1-5, characterized in 10 that the facility apparatus is an article transport device
in a distribution facility, wherein the first-layer computer is configured to manage the apparatus

controller that £Rieis, the APETAYARPH shastidgiansport 15device, wherein the second-layer
compu%er Is configured to manage [

articLe tﬁins%%rt 1;inforrr%atllon for the enrtire distfributipn.flacility, and
wherein the task rea‘ﬂlesgﬁg %rﬁ'an%p%%réau St FoFanBHidie i tHe dREABGGh Paciﬁty. 11?yln a facility
control metBd®atgsa facility control system having: an apparatus controller that controls an
operation of a facility fippiaratus; @fiipulayerlcompeaithiab gxaarliese fsddayal frpasamider issuing
an apparatys operating co for the facility, atu qntroller, that the
first-layer c%%p%tg% |sa %%%sign%%%%gngnﬁéfn?ﬁ%éafgﬁg%? %@é?ﬁ%eﬁﬁggﬁﬁuéf?%i%gcﬁﬁtg%ggaggrsatus
transmitted FPEYF ?Hé’%ﬁbéFa‘ih§ égﬁfr'éﬂé‘ﬁra?ﬂi@%%ﬁé-%%?é%ﬁ% E‘Pjt%’flﬂw gire%%ﬁ?&%s%ﬁond-layer
program fornisstingpa tesioutomimdrd facihe firspiayertcenpatemitoedefioncatise thppfacitity apparatus
required to praeesgA-task request to be operated 30 in accordance with the task request which is a

request for an operation tha(i_’ to be accomglis ed by operating the fagti_ltitgyapparatus, ang for

managing a result 6t 53R AV S r SRR th &AL KEPETIEED bR ST YNV h e PARS KA RS dR%of the
facility apparstusg amsmidtedomomathd firstthey dimstrimgtercomputer in order to cause the

facility apparatus required to process a task request to be operated in
15 accordance with the task request which is a request for an operation that is
to be accomplished by operating the facility apparatus, and for managing a
result of a task that is related to the task request based on the operation
result of the facility apparatus transmitted from the first-layer computer;
characterized by
20 a selection processing portion that selects, based on a manual
operation, whether to cause the first-layer computer to execute the
second-layer program that had been executed by the second-layer computer,
when an abnormal condition occurs in the second-layer computer;
a substitute command output processing portion that issues a
25 substitute command for executing, as a substitute-execution-subject
program, the second-layer program that had been executed by the
second-layer computer in which the abnormal condition occurred;
wherein the substitute command output processing portion 1is
configured to output the substitute command in accordance with a selection
30 information selected by the selection processing portion, and
wherein the first-layer computer is configured to execute the
substitute-execution-subject program based on the substitute command that

the substitute command output processing portion outputs.

35 2. The facility control system as defined in claim 1, characterized in that
a plurality of the first-layer computers are provided, wherein two or
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the facility control method comprising the following steps that are 35 performed by the facility control
system: a selection processing step of selecting, based on a manual operation, whether to cause the
first-layer computer to execute the second-layer program that had been executed by the second-layer
computer, when an abnormal condition occurs in the second-layer computer; a substitute command
output processing step of issuing a substitute 5 command for executing, as a
substitute-execution-subject program, the second-layer program that had been executed by the

second-layer, spmppter in WhIEIheABnRrRALsendiion ORGUICY A8 hst utErein duihg substitute
command output proce?rglln step, a substitute commaém_i for causing the first-layer computer to

execute the® 2B BUbEHtu Rt 0P EGB et Bro i d W OREORIa AR With sttt information
selected in sed¢estilectipnoorssasginypstep 1s Snifheufesilitiocbatratileg tmethledtaswefivfedhia claim 7,

characterizgdiahatprlurality. of the fiist-layergripautess are grpvided, saergim o or 1fdmore of the
first-la(;j/aer co L{t%{lst are defiped as titution candidate computers that can execute the

ub
secon -Iay(gl}1 prsoglgra AGWHEEH IlJlet(f;% LRGN p?'(%gesosriln% I%%%B}lgng%‘ﬁﬁg%%bstitution candidate
computers for executing the substitute-execution-subject program is selected based on a manual
operation. 2f) ThEh éacilty conisdking snethod asriefinedl i elaintBa chav@ctarizad th dpat a high
power computer with gaugh IRSESSING AOWED.XEEHTS e e frailaysr proaram anhtne
second-layer program simultaneously an a low power’ computer w |8h as less processing power
than the highpdivet 2ayesmpessratensethassaronrslasgsiasmu Amuharsoma e smtoRsystem,

Wherel'p theldmgrppwwercoqmmtef ﬁs}ﬂeﬁnbdsaheﬁsem@bsﬁsjﬂgqmrd@a_télanmbatéﬂgh pb@etrhe facility
controlling metlinckas delingdan gre i ClalmsI4  WHheh 0 FOMPHSRGnasH StBIPESiRraed by the

facility control system:, ' : .
y com%uter 1s defined as the substitute candidate computer.

4. The facility control system as defined in one of claims 1-3, further
15  comprising:

a buffer processing portion that relays data for the task command
and data for the operation result communicated between the first-layer
computer and the second-layer computer,

wherein the buffer processing portion is configured to relay an

20 exchange of the data between the first-layer computer and the second-layer
computer based on identifying information with the identifying information
assigned to each of the first-layer computer and the second-layer computer,
and

wherein the substitute command output processing portion 1is

25 configured to issue an identifying information take over command for
causing the first-layer computer to take over the identifying information that
had been assigned to the second-layer computer when the abnormal

condition occurs in the second-layer computer.

30 5. The facility control system as defined in one of claims 1-4, further
comprising:

a monitoring computer that executes a monitoring program which
collects and displays information on an operational state of the facility
apparatus from the first-layer computer or the second-layer computer,

35 wherein the substitute command output processing portion is

configured to issue a second substitution command for executing the
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a buffer processing step of relaying data for the task command and data for the operation result
communicated between the first-layer computer and the second-layer computer, wherein, in the buffer
processing step, an exchange of the data 35 between the first-layer computer and the second-layer
computer is relayed based on identifying information with the identifying information assigned to each
of the first-layer computer and the second-layer computer, and wherein, in the substitute
command output processing step, an identifying information take over command is issued for causing

the first-layer computer in-{ake avaribe idenibingniomatio thatfarlbeen s assigies tahe

second-layer computer when the abnormal condition occurs in the second-layer computer. _11. The

facility cont™SIHS metfidH as BRSHH one SR 7-100CH R erizedn that 10th&EWHty control
system furtlhebatctudesaanonitorngerh putertat executes a monitoring program which collects and

displays information,gp Af,PPeRRtionA stateref ki acilitn apRafRIvS ek tediy stiavescomputer or
the seCé)nd-IaX r com uter,.whereéﬁ, in the SHbStiﬁo .command outr%ut eroc jlsm%%g? a second 15
[ a

ut
substitdtion CoOMMAarn ist P98 For ExedUtnt thseun?oﬁﬁti’fbtﬁ%% ﬁr%réll%l nt%a eeh exécuted by the

monitoring eerputerihashitivasdbabananconaitbencelersad v dbesshertion processing
substitute-eyegan-subject program, and wherein, in the substitute command output processing
step, the second substitution command is issued to the first-layer computer based on a 20 selection
information selected in the selection processing step. 12. The facility controlling method as defined in

one of clainfs Phe fagbitactense svtams definedgpaatefislaiasibie haspeierestdnn a
distribLgion @&dacility,

the facility apparatus is an article transport device in a distribution
facility,
wherein the first-layer computer is configured to manage the
apparatus controller that controls the operation of the article transport
15  device,
wherein the second-layer computer is configured to manage article
transport information for the entire distribution facility, and
wherein the task request is a transport request for an article in the
distribution facility.
20
7. In a facility control method using a facility control system having: an
apparatus controller that controls an operation of a facility apparatus; a
first-layer computer that executes a first-layer program for issuing an
apparatus operating command for the facility apparatus to the apparatus
25  controller that the first-layer computer is assigned to and for managing an
operation result of the facility apparatus transmitted from the apparatus
controller; and a second-layer computer that executes a second-layer
program for issuing a task command to the first-layer computer in order to
cause the facility apparatus required to process a task request to be operated
30 1n accordance with the task request which is a request for an operation that
is to be accomplished by operating the facility apparatus, and for managing a
result of a task that is related to the task request based on the operation
result of the facility apparatus transmitted from the first-layer computer;
the facility control method comprising the following steps that are
35 performed by the facility control system:
a selection processing step of selecting, based on a manual operation,
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wherein the first-layer computer is configured to manage the apparatus controller that controls the
operation of the article transport device, wherein the second-layer computer is configured to
manage article 30 transport information for the entire distribution facility, and wherein the task
request is a transport request for an article in the distribution facility.

whether to cause the first-layer computer to execute the second-layer
program that had been executed by the second-layer computer, when an
abnormal condition occurs in the second-layer computer;
a substitute command output processing step of issuing a substitute
5 command for executing, as a substitute-execution-subject program, the
second-layer program that had been executed by the second-layer computer
in which the abnormal condition occurred; and
wherein in the substitute command output processing step, a
substitute command for causing the first-layer computer to execute the
10  substitute-execution-subject program is issued in accordance with selection

information selected in the selection processing step.

8. The facility controlling method as defined in claim 7, characterized in that
a plurality of the first-layer computers are provided, wherein two or
15 more of the first-layer computers are defined as substitution candidate
computers that can execute the second-layer program, and wherein in the
selection processing step, one of the substitution candidate computers for
executing the substitute-execution-subject program is selected based on a
manual operation.
20
9. The facility controlling method as defined in claim 8, characterized in that
a high power computer with enough processing power to execute both
the first-layer program and the second-layer program simultaneously and a
low power computer which has less processing power than the high power
25 computer are used as the first-layer computers in the facility control system,
wherein the high power computer is defined as the substitute candidate

computer.

10. The facility controlling method as defined in one of claims 7-9, further
30 comprising, as a step performed by the facility control system:

a buffer processing step of relaying data for the task command and
data for the operation result communicated between the first-layer computer
and the second-layer computer,

wherein, in the buffer processing step, an exchange of the data

35 between the first-layer computer and the second-layer computer is relayed
based on identifying information with the identifying information assigned
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to each of the first-layer computer and the second-layer computer, and

wherein, in the substitute command output processing step, an
identifying information take over command is issued for causing the
first-layer computer to take over the identifying information that had been
assigned to the second-layer computer when the abnormal condition occurs
in the second-layer computer.

11. The facility controlling method as defined in one of claims 7-10,
characterized in that

the facility control system further includes a monitoring computer
that executes a monitoring program which collects and displays information
on an operational state of the facility apparatus from the first-layer
computer or the second-layer computer,

wherein, in the substitute command output processing step, a second
substitution command is issued for executing the monitoring program that
had been executed by the monitoring computer in which an abnormal
condition occurred, as a second substitute-execution-subject program, and

wherein, in the substitute command output processing step, the
second substitution command is issued to the first-layer computer based on a

selection information selected in the selection processing step.

12. The facility controlling method as defined in one of claims 7-11,
characterized in that

the facility apparatus is an article transport device in a distribution
facility,

wherein the first-layer computer is configured to manage the
apparatus controller that controls the operation of the article transport
device,

wherein the second-layer computer is configured to manage article
transport information for the entire distribution facility, and

wherein the task request is a transport request for an article in the
distribution facility.
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