LEARNING DEVICE AND LEARNING METHOD IN ARTICLE CONVEYANCE FACILITY 5
DESCRIPTION TECHNICAL FIELD [00011 10The present invention relates to a learning device and a
learning method for an article transport facility comprising a vehicle configured to move along a travel
path, and having a grip portion for gripping an article with the article suspended therefrom, vertical
movement means for raising and lowering the grip portion with respect to the vehicle, position 15
adjustment means for adjusting a position of the grip portion horizontally with respect to the vehicle,

wherein articles are transjf% @ﬁl’%ﬁf\‘l@ ]ﬁ’E’VI’EﬁE‘%@Nﬂ Emmﬂq@%@pﬁ%below the travel path by

raising and lowering the grip %1@{&2 m % top position in the travel path.

20 BACKGROUND ART [oooiﬁl%%ﬁi er m@ ?ﬁ@%ﬁdescnbed above, a 25

plurality of transfer support portions are provided along the travel path and the facilities are configured

to transport articles among the plurality of the transfer support portions. And when transferring articles

to or fr m eg tgaE?fIg port portion, the grip portion is raised and lowered with respect to the
ortion wi

transfe suppor h the vehicle stopped at a target stop 30 position in a travel path. However,
when the grip portion is simply raised and lowered with respect to the transfer support portion, the grip

portion TECHNICAL FIELD

[0001]

10 The present invention relates to a learning device and a learning
method for an article transport facility comprising a vehicle configured to
move along a travel path, and having a grip portion for gripping an article
with the article suspended therefrom, vertical movement means for raising
and lowering the grip portion with respect to the wvehicle, position

15 adjustment means for adjusting a position of the grip portion horizontally
with respect to the vehicle, wherein articles are transferred to and from a
transfer support portion located below the travel path by raising and
lowering the grip portion with the vehicle stopped at a target stop position in
the travel path.

20
BACKGROUND ART

[0002]
In article transport facilities such as one described above, a
25  plurality of transfer support portions are provided along the travel path and
the facilities are configured to transport articles among the plurality of the
transfer support portions. And when transferring articles to or from each
transfer support portion, the grip portion is raised and lowered with respect
to the transfer support portion with the vehicle stopped at a target stop
30 position in a travel path. However, when the grip portion is simply raised
and lowered with respect to the transfer support portion, the grip portion
may become horizontally displaced from the position it is expected to be, due,
for example, to inaccuracies in the installation position of the transfer
support portion or due to the swaying motion during the raising and
35 lowering of the grip portion. Thus, it is necessary to learn the amount of
position adjustment in the horizontal direction for each transfer support



may become horizontally displaced from the position it is expected to be, due, for example, to
inaccuracies in the installation position of the transfer support portion or due to the swaying motion
during the raising and 35 lowering of the grip portion. Thus, it is necessary to learn the amount of
position adjustment in the horizontal direction for each transfer support portion when raising and
lowering the grip portion with respect to the transfer support portion with the vehicle stopped at the
target stop position. The learning device and the learning method for the article transport facility in

accordance, i dhe pIEseLINEATIR AN RreMAC 0l eprT syshRasiion £ adiysiprens amount. And

when actually transferring articles to or from each transfer su ortion, the position, of the grip

r pport
portion in tH& 6&3?8%%@8#?@3&?&5%&1&%&1 iR s ithtadpshom RASYAAR (00031 A
learning dellibe ile@roong eltioeakarditlectlanspongfacditydd {6 provridacleitr arfinsetéedacididsist member

that can bejaftachad 19, etiaisfehSUpRAEROTHOBANCHRAE A% & deterliosmaduial sirgbng the
positio corrtasgopdlnrgtto the tatrggtt anﬁfer regtere ce Poﬁ't n in the horizontal dl{:eCtIOI‘l ch the

transfe? sugport porion Hns tie first e Asafet) B HEeHEE ?orFﬁcel%?ast’gr gBIprSﬁcportion, a

second learralsist rABRBEtthat IShdeippoition eartheiean pestivasiantheabirgzertds that can
capture an inageiohtheairahglawihe giplparied tvosapb e dukhaga phiieweection mark with the

second Iear[re)gé§ist member gripped by the grip portion, and a

A learning device in a conventional article transport facility is

10  provided with a first learn assist member that can be attached to a transfer
support portion and that has a detection mark for indicating the position
corresponding to the target transfer reference position in the horizontal
direction for the transfer support portion with the first learn assist member
attached to the transfer support portion, a second learn assist member that

15  the grip portion can grip and that has an imaging means that can capture an
1image of the area below the grip portion to capture an image of the detection
mark with the second learn assist member gripped by the grip portion, and a
learning control means -- that controls moving operations of the vehicle,
vertical movement operations of the vertical movement means, and imaging

20 operations of the imaging means-- for learning the amount of position
adjustment in the horizontal direction when raising and lowering the grip
portion with respect to the transfer support portion with the vehicle stopped

at the target stop position for the transfer support portion. And the learning
control means moves the vehicle to the target stop position with respect to

25  the transfer support portion, and performs a positioning process in which the
grip portion is raised and lowered such that the second learn assist member
gripped by the grip portion, with the second learn assist member adjusted to

the standard adjustment position, is located at a target height with respect

to the first learn assist member attached to the transfer support portion. The

30 standard adjustment position is, for example, a position in which the center
of the grip portion coincides with the center of the vehicle in the lateral
direction of the vehicle, and in which the lateral direction and the fore and

aft direction of the grip portion coincide with the lateral direction and the

fore and aft direction of the vehicle in the angular direction about a vertical

35  axis. After the positioning process, the learning control means is configured

to perform an image capturing process in which the imaging means is caused



learning control means -- that controls moving operations of the vehicle, vertical movement operations
of the vertical movement means, and imaging 20 operations of the imaging means-- for learning the
amount of position adjustment in the horizontal direction when raising and lowering the grip portion
with respect to the transfer support portion with the vehicle stopped at the target stop position for the
transfer support portion. And the learning control means moves the vehicle to the target stop position
with respect to 25 the transfer support portion, and performs a positioning process in which the grip

portion is raigeghapg,lowalethsiel hiatiie ecanshiearnARsISiIe RP L GFRRE Ay (el Portion,
with the second learn %ﬂ%tmember adjusted. to the standard adjustment position, is located at a

target heigHtAHTe thE ArEQqessn AWt PLEREHRBATH IR HaRSEPY R Rbrtion. The
30 standardadhsinoertqudsitidiris;tioneetwels) alpositiegiirgwiefelreheecposerioh thet gripthertion

c_oinci_des Withthe eenige Cﬁéhﬁ_ M?W%i%ﬂ%@l%%@_i@ﬁﬁ%h%f H&ee%tﬁqem%@ﬂ i{svﬂ@ﬁ%ﬂe lateral
dlrect|05[1 anlgl the,fore z-}llnd.aft dlrect%on of Ehe grlfgoﬁortlan. cmﬂmde with the lateral direction and the fore
fé difde

and aft direcﬁgﬁdof) fhé Vehicieih he’ 5%&.1}3%1 \[e]s1 al:l)gutt 5 VEi& %%pgi}(li]g.n&ﬁ%]? %%S%otgitioning
process, théddathihg ddrrarertiarr i9dorffgoeed amount from the derived reference
position deviation amount. (See, for example, Patent Document 1.)

[0004]
Patent Document 1: Japanese Patent Application Publication No.
10 2003-192269

SUMMARY OF THE INVENTION

[0005]
15 [Problems To Be Solved By The Invention]

In the learning device in the conventional article transport facility
described above, the learning control means derives the reference position
deviation amount in the horizontal direction between the imaging reference
position and the detection mark based on the image information in the

20 deviation amount calculating process. However, when a camera with a
convex lens is used as the imaging means, for example, there will be a
difference between the actual reference position deviation amount and the
reference position deviation amount derived from the image information
when the detection mark is located in an edge area in the filed of view of the

25 1image. Therefore, there is a possibility that the reference position deviation
amount can not be derived accurately. And since the amount of position
adjustment is derived from the derived reference position deviation amount,
it may also become impossible to accurately derive the position adjustment
amount.

30  [0006]

The present invention is made in light of this point; and, one of the
objects of the invention is to provide a learning device and a learning method
for an article transport facility which allows for an accurate learning of the
amount of position adjustments by accurately deriving the reference position

35 deviation amount in the horizontal direction between the imaging reference

position and the detection mark.



to perform an image capturing process in which the imaging means is caused to capture an image of
the detection mark, and to perform a deviation amount calculating process in which a reference
position deviation amount in the horizontal direction between the imaging reference position set in the
center of the field of view of the image and the detection mark is derived 5 based on the image
information captured in the image capturing process to calculate the position adjustment amount from
the derived reference position deviation amount. (See, for example, Patent Document 1.) [00041

Patent Doc 1; Japanese Patent Application Publication No. 10 2003-192269 SUMMARY OF
THE INVE§ Om [0 05$1Pj5 [Problems To Be, Solved By The Invention] In the learning device in
the conven Q%%ﬁ Qle PANENB AA IR bed above, the learning control means derives the

reference position ddviatioteantouattiaithe hisrizbpeat ditbetibrabeing edetnednfaying refénetee position

and the detgcliorymarkhasey %i“&%dﬂiﬂgﬁé@fqm’c%“%ﬂé” Hi—%s%%ﬂ%a@ﬁﬁ&m%ﬁh&ﬁ@é&aﬁng

process. However, wh a camera with convex lens, is Lﬁ%ed a(?tﬂe Imaging means, forfexample,
there V\%” be’ % dﬁ_ rceor{%:elzgrl)léf_ ee()n_1ﬁ1()(-:-V adtiat %e%ege \ce BBsitich deViktidr . (RPRAG Me Peference
position de @&tz redele o tro fheherinsdg s wslerrdgibilwie e gerditinmeaaiecated in an
edge area imthanfileerofatiswohiie Rivierage tRbereivnsoittiorne e ehrassieititthetdhectetaeence

position deviation amount can not be derived acgurately. And since the amount of positi djustment
is derived fllc))%r‘r%%ctEilfc)e%de%lil é} %r%el e?gn%eegggit%% dgea [Ealﬁ%%}/ %rﬁéo rﬁ?llgtglr%}éyogs%ﬁ%et%glrgz%l)r%%?(l)%s@ible to

accurately Mﬂf@ﬂfé‘gﬁsﬁ’iﬁh GRS Qﬁ‘i’o\’]ﬁlﬁl@@EOW@@Iein ar"iiﬁlaeﬁr%%%ﬁf mafereridtnade in
light af@his poihtrand aoire wéfiesojpois plothtéoinecditstlib ébopravide miedrpind deviea ngd a learning

method for g arfigie.tanskad faeilitpyhichalaws farenasriaig sppaing Ohe,ARapuef position
adjustments by accurately deriving the ref%%ence position 35 de Jatlo%%rrnount in the horbzontal

direction bR the mdtink ek e p ORI LA B¥ e iR oBtF RS Solving

the Problemeshfigured to be attached to the transfer support portion and having a
detection mark for indicating a position corresponding to a target transfer

15 reference position in a horizontal direction for the transfer support portion
with the first learn assist member attached to the transfer support portion; a
second learn assist member configured to be gripped by the grip portion and
having an imaging means for capturing an image of an area below the grip
portion to capture an image of the detection mark with the grip portion

20 gripping the second learn assist member; learning control means for
controlling a travel operation of the vehicle, a vertical movement operation of

the vertical movement means, an adjusting operation of the position
adjustment means, and an imaging operation of the imaging means, and for
learning a position adjustment amount in the horizontal direction when

25 raising and lowering the grip portion with respect to the transfer support
portion with the vehicle stopped at the target stop position with respect to

the transfer support portion; the learning control means is configured to
perform: a positioning process in which the grip portion is raised or lowered

to position the second learn assist member gripped by the grip portion at the

30 target height with respect to the first learn assist member attached to the
transfer support portion, with the vehicle moved to the target stop position

for the transfer support portion, and with the grip portion adjusted to a
standard adjustment position by the position adjustment means; a first
1mage capturing process in which the imaging means is caused to capture an

35 1mage of the detection mark after performing the positioning process; a first

deviation amount calculating process in which a reference position deviation



In order to attain this object, the learning device for an article transport facility in accordance with the
present invention comprises a 5 vehicle configured to move along a travel path, and having a grip
portion for gripping an article with the article suspended therefrom, vertical movement means for
raising and lowering the grip portion with respect to the vehicle, position adjustment means for
adjusting a position of the grip portion horizontally with respect to the vehicle, wherein articles are
transferred to 10 and from a transfer support portion located below the travel path by raising and

lowering the grip, pertipauith Jbe yehisiastonnsd Badatdetisiop.easionndhettavsiaein
characterlzedﬁé% first learn assEé mper configured to be attached tq the transfer support portion
and having % %a@t’rf)‘rfirﬁ%m%ro f‘réngtf?{gvéeﬁ’o@ﬁl%ﬁ}b% gleriiing i ia it é”f‘fle§1 et feference
position in arthegeomtiivetionciop ttheettams féreslippornpatcaptitrihg firsclesrhadsisvmamber
attached to ﬁ@@iﬁﬁ@ﬂsﬁﬁ{j SYPRRIL PArtiRA FesaNdHeaR ASSigt f@fé}@%&%ﬁg}ﬂﬁd de-hgagsRped by the

grip pottion and having an imaging means for capturing an image of an area below the grip portion to
capturé an ﬁ‘nl%%%noft X etgct%%gnl%lé)r With e ?lﬁnp%?rtpgr? Cf(?%gribrbinﬁ%ﬁ%ﬁse%b%dqggﬁﬁ(g%sist

member; leafiltf esmtoneranssoperated to adjust a position of the second learn assist
member based on the movement adjustment amount derived based on the

image information captured in the first image capturing process, if the
reference position deviation amount derived in the first deviation amount

10 calculating process falls outside a set tolerance range; a second image
capturing process in which the imaging means is caused to capture an image
of the detection mark after performing the positioning correcting process;
and a second deviation amount calculating process in which a reference
position deviation amount in the horizontal direction between the imaging

15 reference position defined in a center of field of view and the detection mark
is derived based on image information captured in the second image
capturing process to derive a position adjustment amount from the derived
reference position deviation amount and the movement adjustment amount.
[0008]

20 With the configuration described above, if the reference position
deviation amount, derived based on the image information captured in the
first image capturing process, falls within the set tolerance range -- as the
result of the learning control means performing the positioning process, the
first image capturing process, and the first deviation amount calculating

25  process -- the detection mark is determined to be located in the center area of
the field of view of the image. Then the reference position deviation amount
can be derived accurately based on the image information captured in the
first image capturing process, and the position adjustment amount can be
accurately derived from the derived reference position deviation amount.

30 [0009]

On the other hand, it can be determined that the detection mark is
located in an edge area of field of view of the image if the reference position
deviation amount derived based on the image information captured in the
first image capturing process falls outside the set tolerance range. Therefore,

35 the learning control means can position the detection mark in the center of
the field of view of the image by performing the positioning correcting



controlling a travel operation of the vehicle, a vertical movement operation of the vertical movement
means, an adjusting operation of the position adjustment means, and an imaging operation of the
imaging means, and for learning a position adjustment amount in the horizontal direction when 25
raising and lowering the grip portion with respect to the transfer support portion with the vehicle
stopped at the target stop position with respect to the transfer support portion; the learning control
means is configured to perform: a positioning process in which the grip portion is raised or lowered to

position the secand leaen pssisimeamberdinpsd dyshordir rotianidhe 39 teigetheight with respect
to the first I%arn %SSISt member attached {o the transfer suﬁy?lﬁ)oﬁ{t po%ﬁp , with the vehicle moved to the
Y

target stop PBSROPPortfife RAYSRED RS BERMBE Anaakih HeorsoBATeH fubhsd 1B'a%kandard
adjustmentipdsitionthyrtheqpdsitieh adjustmdmtaheansga fosbimage captoessy phockdsamingich the
imaging meﬁ&%’d%&%s@ﬁet GaRHE AR %éx%é‘ﬁﬁ?&%‘c@@é?%m B}ﬁ&'fei\ﬁﬁfnﬁ{éo%mm&ﬂa

positioning Process; a first deviation amn%mt calcu n%i%rocess in which i:’l r f(%gence %osition
cti

deviati@n amount ?ﬁ%g%gﬁz%lliﬁ%?%glr% & %ee%omiit(!l e i%oe{bﬁnrél?gfle?ecﬁc%up%siﬂgrpa fred in a

6] ween %
center of fidlbleoflorunag teatiolectichPratars deived bhsedaprienage Mefotinaticleelitgred in the

first image eapbuit0quQcessly HeEve arpehitiamadipisinanhanewnidipent ddeidetivedsedar@nce
position de\ﬂ%@%@ capturing process, and can derive the position adjustment amount
accurately by taking into consideration or by adding not only the reference
10  position deviation amount but also the movement adjustment amount.

As described above, a learning device for an article transport facility
1s provided, which can accurately derive the reference position deviation
amount in the horizontal direction between the imaging reference position
and the detection mark to accurately learn position adjustment amount.

15 [0010]

In an embodiment of the present invention, the learning control
means 1s preferably configured to derive the reference position deviation
amount derived in the first deviation amount calculating process as the
movement adjustment amount in the positioning correcting process.

20 [0011]

With this configuration, by the positioning correcting process
performed by the learning control means, the position of the second learn
assist member is adjusted by the reference position deviation amount
derived in the first deviation amount calculating process. If the reference

25  position deviation amount derived in the first deviation amount calculating
process falls outside the set tolerance range, the detection mark is displaced
toward an edge of the field of view of the image from the imaging reference
position defined in the center of field of view of the image by the reference
position deviation amount derived in the first deviation amount calculating

30 process. Therefore, by adjusting the position of the second learn assist
member by the reference position deviation amount derived in the first
deviation amount calculating process, the position of the detection mark can
be adjusted by the amount corresponding to the amount by which the
detection mark is displaced from the imaging reference position toward the

35  edge of the field of view. As a result, the position of the detection mark can be
adjusted accurately, and the detection mark can be reliably located in the



5 amount, and a positioning correcting process in which the position adjustment means is operated to
adjust a position of the second learn assist member based on the movement adjustment amount
derived based on the image information captured in the first image capturing process, if the reference
position deviation amount derived in the first deviation amount 10 calculating process falls outside a
set tolerance range; a second image capturing process in which the imaging means is caused to
capture an image of the detection mark after performing the positioning correcting process; and a
second devégmgla(g@Qﬂgtﬁ:a@g@{ngﬁﬁésim%iph a reference position deviation amount in the
horizontal S[irg)ecti n between the imaging 15 reference position defined in a center of field of view and
the detecti is derived based on image information captured in the second image capturing
process to derive a dosition edjustimeantmbuhtefrpnesee derived ieferembepddidonedexéatten amount
and the moygmeRhaditsHRERHAMAHAEIP0CRL2aWiththeicontigesation dssaiked ahavent the
reference posjtion deviation am th, de iv%[d sed on ihe imagre inforrpﬁ\ti?n c?{ptured irtl tt’ie first
image aptl(ii(‘in(“é1 p%%lgsg,r PAfTS withi the ¥éttoleraice ?a‘?{gaél < a8HRErehaIL Gt %nl%é:%nﬁocontrol
means perfBtasfing fiienyefetiohingqemieayse thédipsuinage asturihg MeTsy ag e ¢iestdgbviation
amount calgiating, 2%Hrosessnd the detectiginupatls ipdetesayinesdotbe lecatedlindée £eioter area of
the field of vigyy,pf ine.aae TR ANE efarenes Rpstian dieviatian Amannbean e deiiyed,accurately
based on the image informatioft captured in the first image capturing process, and the position
adjustment BRFoRFREAR DA o aut sro@rivéaeﬁ&hqrﬁ@wﬂ/éﬁvaé@ﬂc@%ﬁroﬁaé%aﬁwamount.
30[00091 OprileewnthersHsr jiadorbecdetereidschtpatthedetectiohenark is located in an edge area of
field of viewg {hg image if the reference position deviation amount derived based on the image
information captured'ﬁﬁ%e irst im&ﬁ;e capturing process falls outside the set tolerance raﬁgée.
Therefore, 35 the leatti (EPERHE BOR pSBRicRAHR BB LSO F O BRI B LR bt tHe field of
view of the #ecgelnjeperfoomiagthpositiodagreo peetisy pedcesy, amckbyadjestengedéypdsition of
the second {garn-aesishsrepieribasadwaatie Mevsmanidadiveimant araosiARI A Rased on the

imaga information eapurad in ihe st image.caplurina process find faving perfrmed e positioning
correcting process, and- bly.per Pmlng a Second 5 image capturing process and a sedomff eviation
amount cal @GRt Hroesss0th e A IR BbntrdIonB Arepda P e eAvE Yed refardntbep deRidH @B viation
amount acctgately basethen theimage infenpbtiorepapiuréddn Saesatoddvinaws capising process,

o e hapRE AL MRt AMAKRLACRUIISNBN BRI JURERTIIRIEAN A1 BY 2dding not

only the reference sition deviation. amount but also the movement adjustment amount.

described aBbVdighenrsigpbediesaet A dReRerEbOR ABIfEI TS FrOE IR cHotHA Rbturately
derivéthe rbferentheasifirateyviptioniamaleviitihe hatmontatairetton békveet thieirmaageng

reference ppgitian gnd ectgieactanmiadt 1 accUrate Mlsar PesiigR aHius NG AR Re s

greater than the permitted number. The learning control means does not

perform the learning process for the position adjustment amount in the

abnormal condition; thus, an accurate position adjustment amount can be
25  derived without performing unnecessary calculations.

[0014]

In the embodiment of the present invention, the position adjustment
means 1s preferably configured to adjust a position of the grip portion
horizontally in a lateral direction of the vehicle and to rotate the grip portion

30 about a vertical axis with respect to the vehicle, and the learning control
means is preferably configured to derive a lateral width deviation amount in
the lateral direction of the vehicle between the detection mark and the
1imaging reference position, and a rotation deviation amount in the direction
of rotation about a vertical axis between the detection mark and the imaging

35 reference position as the reference position deviation amount in the first

deviation amount calculating process and the second deviation amount



15[00101 In an embodiment of the present invention, the learning control means is preferably
configured to derive the reference position deviation amount derived in the first deviation amount
calculating process as the movement adjustment amount in the positioning correcting process.
20[00111 With this configuration, by the positioning correcting process performed by the learning
control means, the position of the second learn assist member is adjusted by the reference position
deviation amount derived in the first deviation amount calculating process. If the reference 25 position
deviation a%‘dﬂizﬁjﬁ%‘?&&égg first deviation amount calculating process falls outside the set
tolerance r ngﬁé he detection mark is displaced toward an edge of the field of view of the image from
the imaging nce position defined in the center of field of view of the image by the reference
position deviation an¥utht tleriveadnifighedinsindeliation amugicpoaicll atiegrd0cpmckessyd Hbkefore, by

3djusting thf%ﬁ%&%il?ﬂ&d‘ﬂ%%*%‘i% kﬁ%}%ﬁ%ﬂﬂd@%ﬁ&@%xﬂdé@%ﬁ%ﬁrﬁﬁﬂ?Wﬁdﬂﬁ&é@ﬁiE@ amount
erived in t Inrs viation amount.calculatin rocess, the position of t etection K can pe
S oA A PORTOME T ma

adjustet! by’ ?grﬁoun corrSsﬁ’é) Hg' ;oat & moe%tt By Wiign the ?eplf%ﬁrn%%?ﬁ idaRpIded from
the imagingefetbintegiosifioh tewidre fisBYdadgblon hmfidrt sfalisde ieg peecgssifargdditon of the
detection masto@@ Beviation amount calculating process. Thus, the learning control

means can learn the position adjustment amount in the lateral direction of
the vehicle and the position adjustment amount about a vertical axis as the
10 position adjustment amount. Therefore, when actually transferring articles
to or from the transfer support portions, the position of the grip portion in
the lateral direction of the vehicle and about the vertical axis can be adjusted
by the position adjustment means based on the learned position adjustment
amount, thus allowing a proper transfer to be performed. As a result, the
15 learning control means can accurately learn the position adjustment amount
for performing proper transfer.
[0016]
In the embodiment of the present invention, the learning control
means 1s preferably configured to derive a fore and aft deviation amount in
20 the fore and aft direction of the vehicle between the detection mark and the
imaging reference position as the reference position deviation amount in the
first deviation amount calculating process and the second deviation amount
calculating process, and to calculate the position adjustment amount if the
derived fore and aft deviation amount is within a set tolerance range, and to
25 determine that an abnormal condition has occurred if the derived fore and
aft deviation amount falls outside the set tolerance range.
[0017]
With this configuration, since the learning control means calculates
the position adjustment amount on the condition that the derived fore and
30 aft deviation amount is within the set tolerance range, the position
adjustment amount can be derived without the grip portion displaced with
respect to the target transfer reference position in the fore and aft direction
of the vehicle; thus, an accurate position adjustment amount can be derived.
If the grip portion is displaced with respect to the target transfer reference
35  position in the fore and aft direction of the vehicle, for example, due to the
fact that the target stop position is displaced from the correct target stop



adjusted accurately, and the detection mark can be reliably located in the center of the field of view of
the image. [00121 In an embodiment of the present invention, when the reference position
deviation amount derived in the second deviation amount 5 calculating process falls outside the set
tolerance range, the learning control means is preferably configured to perform again the positioning
correcting process, the second image capturing process, and the second deviation amount calculating
process, and to determine that an abnormal condition has occurred if a number of times the second

deviation oy galsiiafing &Q&é‘?&ﬁ%@ﬂ%ﬁ%‘ﬁ&%@f&‘ﬁﬁﬁ%ﬁ%ﬁ%ﬁ&?&g@ﬁf&%%@ﬁ{ [00131

With this co |gur ion, the | rnln control means perfo the second deviatjon amount calculating

process no a2 Baer éEt 84HAR RRRrAHEe 198y Eaimdt it d¥riviEGIR the second
deviation 151avm@upncammamhgqimdesmlmomssj efaﬂnb sntﬂsil@eeaﬁue sahdelaruscencregiscurate

position adlbﬁ%@@ﬁ&@%ﬁyBb%@rﬁﬁl%ﬂ&%o%%iﬂ%é%%%@%@|d8}?@i’é§oﬂ°8&69§ SURPly repeat

the se eviation amou tcalcul%tmg ocess, but etﬁrrgme that afnt%bnor con |1|% n has
occurr d in Wﬁlcenlgr lgt%gce){ns BMioh'o %%lﬁonln% eSHrect! rlff;np océs fot 28 ring the

reference pesitiest d@«?&b@ﬁ%@&’n‘th@ WHQﬁ@é@@mm@ﬁaﬁ@e ¢p¥ﬁé%téﬂ ﬁgﬁméﬁbw]ﬂmes the
process hag peeprexaeiiat beaomessespaiesitian the Herritastnymiet It Ipasningncenirol means

does not perlorp e learniNg o %%%?t%l%‘%&?o%}'@ ag’é“tStﬁ‘ %@W?I%”ﬁa’léhc%g%l%%mc%ﬁo”di“O”?

thus, an accurate position a@f&Js fment amount can be 2 derlve without performing unnecessary
calcuIatlonsln[(ﬂ‘}?éf@q‘f"l%Ili’é1 HHAREEAPSH tﬁ]éepYéééﬂ@rnvenUon the position adjustment means is
preferedly dodfigdred to adjust a position of the grip portion horizontally in a lateral direction of the

vehicle and to rotate the gEn RFANAR LA Ao SR AV BAPasGdheRbIclEnERA the

learning control means |sep eb?rablyfconflggred to deriye a lateral width deviation amaount in
means 18 preferably configuréd to cause the 1imaging means to capture image

of the detection mark a plurality of times in the first image capturing process
and the second image capturing process, and to derive unit image deviation

15 amount data which show the amount of deviation in the horizontal direction
between the detection mark and the imaging reference position in each of the
plurality of images in the first deviation amount calculating process and the
second deviation amount calculating process, and to extract data that fall
within an effective measurement range by removing data for which the

20 deviation amount falls outside the effective measurement range among the
plurality of unit image deviation amount data, and to average the plurality
of unit image deviation amount data to derive the reference position
deviation amount if a number of extracted unit image deviation amount data
1s greater than a set number.

25 [0019]

With this configuration, the learning control means does not simply
derive the reference position deviation amount from the captured image
information but instead removes unsuitable data, that is outside the
effective measurement range, and such as one in which the detection mark

30 was not captured in the image because, for example, of the swaying of the
grip portion, from a plurality of obtained unit image deviation amount data,
to extract only the data that fall within the proper effective measurement
range and that have captured the detection mark, after which, the learning
control means derives the reference position deviation amount by taking an

35 average of the plurality of the extracted unit image deviation amount data;
therefore, an accurate position deviation amount can be derived. And,



the lateral direction of the vehicle between the detection mark and the imaging reference position, and
a rotation deviation amount in the direction of rotation about a vertical axis between the detection mark
and the imaging 35 reference position as the reference position deviation amount in the first deviation
amount calculating process and the second deviation amount calculating process. [00151 With
this configuration, the learning control means can derive the lateral width deviation amount and
rotation deviation amount, which can be 5 adjusted by the position adjustment means, as the

reference ppsIoN deyatan anaHebR dislish Ay atofane Y cAlaUatng;RIoc RS Anddhe second

deviation amount cajculating process. Thus, tﬁg learning control means can learn the position
t ev@%?g rﬁ

adjustment AHOWRE PV HRSHErAPAEIHRFE OF L QRSO SR HER A Bt about a
vertical axiglasahenl Ghzositiodi tidjusthrenthenouh bEreoéferdradied avtualiynagestiavirgiarticles to or

from the trapsfet aURRAH @Qréi%eﬁh%}%?igﬁ"é fHI%&réoéé‘%rﬂ%ﬂﬁéﬂetl%ef@éﬂiﬁ%‘gi@&ﬁme vehicle
and about the verticgl gxis can betfqald'{usted b%t e Igo'lsition 3d1j/ustment mﬁans based on the learned
Al Nnor

positioR adjlistiight ale"n%]ﬂ%lt.lﬁ%s .?Ovyi?ibl a"proper fransteris'be pler.lrfonéCaj. A a RSt e 15
learning coffisireem P eartiabc dextdyiaaraTBLposiicn Befubimeeriantbuhtties perohaihgbroper

transfer. [0@k8Racted lihibereapeodimienis thaqiasenitavensontihe leasniog canihimesads is
preferably epnfiyred to.detive & fpte andial deviatianamountyn,a0.ns lgre,apd 2 diredtion of the
vehicle between tﬁe detection mar andet e Imaging reference position as (t)he referencé position
deviation aﬁ%ﬁﬁwtms}@%é@&ﬂkﬂ&%%ﬁ@éamim%&%ﬁé (&t U HRrAEREHSE amount
calculHiing processssamgt takkalbuwlaiadhe position adjustment amount if the derived fore and aft
deviation ar@(}gmis within a set tolerance range, and to 25 determine that an abnormal condition has

occurred if the derived for%.and aft deviation amount falls gutgsli.de the slet tolerance rangefI00171 With
this configuration, siftPeAfieifeanity B b fedRn R Aasety, the lowering amount for

the grip portion from the reference raised position to the target transfer
height may be different for each transfer support portion because of the

15 variations, for example, in the installation height of the transfer support
portions. Accordingly, it is necessary to learn the target lowering amount
for lowering the grip portion from the reference raised position to target
transfer height with the vehicle stopped at the target stop position in order
to transfer articles properly to and from the transfer support portions.

20 [0021]

In a conventional learning device for an article transport facility, a
vertical movement amount detection means for detecting an amount of
vertical movement of the grip portion with respect to the vehicle is provided
and a manual operation is performed to lower the grip portion from the

25  reference raised position to the target transfer height with the vehicle
stopped at the target stop position, and the target lowering amount is
derived from the detected information from the vertical movement amount
detection means at the time of the manual operation.

[0022]

30 Because the grip portion is lowered by an manual operation with the
learning device for an article transport facility described above, in addition
to the cumbersome work necessary to carry out the manual operation of the
grip portion, the lowering speed to lower the grip portion tends to be small,
which causes it to take a longer time to lower the grip portion from the

35 reference raised position to the target transfer height; thus, it may take
longer to learn the target lowering amount.

10



the position adjustment amount on the condition that the derived fore and 30 aft deviation amount is
within the set tolerance range, the position adjustment amount can be derived without the grip portion
displaced with respect to the target transfer reference position in the fore and aft direction of the
vehicle; thus, an accurate position adjustment amount can be derived. If the grip portion is displaced
with respect to the target transfer reference 35 position in the fore and aft direction of the vehicle, for
example, due to the fact that the target stop position is displaced from the correct target stop portion,
the fore an (ﬁjgg?viation amount, which the learning control means derived in the first deviation
amount calculating ]rCFE‘ZS and the second d%iﬁtion amount calculating process, falls outside the set
[

tolerance range, trig the SERBeraeBhatidhe Stheaeht IR coRBRIBA B OMEAREN 5 there is
a displacenventinahéd foreans afhdirectivical theovemiclietwhinkooarinotdtecatjustetebysthdéoposition

adjustment feaitsn S IEGINEARIONRUE L B FOVERTEIS et ast StRRRSlRR P e eetrest target
stop pqssitio%etc. an be taken; F’uu n suita%le action can agt ken to eIiminatel the deviation in the

ors antl aftlielanicla e Rrelerablropanded wheyehy the deaming HOREr AL ICARZ Aion, the

learning corfrafigieeatstie nevaradigrasifgurering eansunhavineaglay entagshe espunertitaye of the
detection madna phuslityidiraeseid gositishinege capiing pracess ainth theisheRrg daage capturing
process, ang,[o gfivg.yn 'édrﬁtﬁgﬁ devigfion %v?ﬁ(%"}?&%”%%%&%l‘é‘(hs'%'& ?Q%’V &P%‘Q’_‘%E{%‘%&f %%?‘Qba“on in the
horizontal direction betweenthe de]?ectlon mark and the imaging rblerence positionn each of the
plurality of iRPS4E8TN P fiha deomrish SMBOATCIELRANAGHIGcITRUAh R HELEHHE) B&tiEh amount

calculbding _prdeesd, laynd]_m mm@mamdwwmm@fe@ammm redmesddandddarremoving
data for whigfithe g0 Agylation 3raqupt falls auiss %&gg&ﬁeﬁ&w O MEARYECRERESRNHEAR0RT the

plurality of unit jmage deviatign amount data, and erage. the plurality of unif, image iation

de
amount datSOio RS R oEMcE OLRIORSIBEALESH TSt RRARRH R St Rc ¥ Mfittimage
deviation ansocomidaleid tpestier thaneebatlnurhbbe 28701 $toyitvshizoroafigurativhitheararning

control meagis-HRasMAUISHRB Y eRivel tRcRRIBIBREEROSHION deyiatisn &M@ MbWemthe gapiured image

15 portion at a set lowering speed, and to perform a lowering amount
calculating process in which a target lowering amount is derived, based on
detected information form the vertical movement amount detection means at
a time when contact detection means provided to a bottom of the second
learn assist member detects that the bottom of the second learn assist

20 member contacted the transfer support portion during the lowering process,
and wherein the command means is configured to switch between a
command state in which an increased-speed lowering command is issued to
the learning control means to lower the grip portion at an increased lowering
speed which is greater than the set lowering speed and a non-command state

25  in which the increased-speed lowering command is not issued, and wherein
the learning control means is configured to control an operation of the
vertical movement to lower the grip portion at the increased lowering speed
if the increased-speed lowering command is issued by the command means
when the lowering process is being performed.

30  [0024]

With this configuration, since the learning control means performs
the lowering process and the lowering amount calculating process when the
learning mode is ordered by the manually operated command means, the
operator simply orders an learning mode to the learning control means by

35 means of the command means to cause the target lowering amount to be

learned. In addition, the learning control means controls the operation of the

11



information but instead removes unsuitable data, that is outside the effective measurement range, and
such as one in which the detection mark 30 was not captured in the image because, for example, of
the swaying of the grip portion, from a plurality of obtained unit image deviation amount data, to extract
only the data that fall within the proper effective measurement range and that have captured the
detection mark, after which, the learning control means derives the reference position deviation
amount by taking an 35 average of the plurality of the extracted unit image deviation amount data;

therefore, ap.ageuiale RASIHAN drviAtioRAMRUPLEANRR dstMesh ARdmhecausEheJeatRing control
means derives t%e rg{ﬁﬁence position ewa%&\n amqunt ytaklngeg;tiz/ rage of the I_urallt of unit
image deviSBEEGMURTE dStBHHRE LBAGItGIT gt tVSTHBF RS ¢ W‘fﬁﬁ?gesé’é’\?i tion
amount datiisgrieateothanaodetiumisioed $ot bluendyen tirnié antiagcdatrold aneexecdéienmifies that an

abnormal ceRdifiapdpMdisiassacquaieRierence Rpsiinnidaviatiop-amQunt gan BosRe darived if the
numbet of extracted unit m&a%ed viat';ion ?}rlno%nt al;ca 'ﬁ less thE%n the.set nu[nber and does not
. Ié n 1 e 1

calculafe the’ %?Elr%ﬁcsppec?smo% JEViatidh aodnt “rnds; AN Accivat rﬁgsi]ﬂ% (fi)llslpE{((,)(E:-nmenfa amount

can be derivetevsitivsutigesfstmbeglivnnhecébsatpeaiulbtirsfeoozaght wihaddisomplean article

transport fagiliéyathen dyyering peearirior the i padioncremdhe frRiedeeeeiaisedpasitionito the
target iransigy pEigRL mAMRS. SITRIRAKINNEACH HANRIEL SRR IR LREANSRPhINE A ypriations,
for example,’in the in of the transfer support portions. Accordingly, It IS necessary to

stallation height
learn the ta?dbﬂ%‘ihféﬁ g 280kt %Clé\}@ér}ﬁ iy ]gﬁ]r%l ﬁ&t%hlﬁ]%ﬁkﬁé%%r%éwﬁ%éﬂrp%ﬁion to
targetibanstestieighicwith the velgelel stopped amioe targeh dioplpadiéinadnwdrdersiontphifgiawarticles
properly to gngsfrom the transfer support portions. 20[00211 In a conventional learning device for
an article tr\féﬁ%%t facility, a vertical movement amount detection means for detecting an amount of
vertical mo t of the grip portion with respect to the vehicle is provided and a manual operation is
performed to lower ths ghp pontodfroenthef the present invention, the learning control

means is preferably configured to determine that an abnormal condition has
15  occurred if the increased-speed lowering command has been issued by the
command means when the contact detection means detects that the bottom
of the second learn assist member has made a contact.
[0026]
When the vehicle actually transfers an article to or from a transfer
20  support portion, it lowers the grip portion from the reference raised position
to the target transfer height where the grip portion is lowered at a smaller
speed when the grip portion reaches the target transfer height in order to
prevent damage to the article by the collision with the transfer support
portion. Accordingly, by lowering the grip portion at a smaller speed when
25  the grip portion reaches the target transfer height when learning the target
lowering amount, the target lowering amount can be derived in the same
condition as in an actual transfer; thus, an accurate target lowering amount
can be learned. To this end, in the configuration described above, if the
increased-speed lowering command has been issued by the command means
30  when the contact detection means detects that the bottom of the learn assist
member made the contact, the learning control means determines that the
lowering speed of the grip portion is too great, and that an abnormal
condition has occurred. And by setting the set lowering speed to a speed
suitable for an actual transfer, the learning control means determines that
35 the lowering speed of the grip portion is in line with a speed suitable for an

actual transfer if the increased-speed lowering command has not been issued
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25 reference raised position to the target transfer height with the vehicle stopped at the target stop
position, and the target lowering amount is derived from the detected information from the vertical
movement amount detection means at the time of the manual operation. [00221 30Because the grip
portion is lowered by an manual operation with the learning device for an article transport facility
described above, in addition to the cumbersome work necessary to carry out the manual operation of
the grip portion, the lowering speed to lower the grip portion tends to be small, which causes it to take

a longer time to WG iRe. 9P RRMHAN FREK iR 3o eEEENRS AIS6Y RRSIIRNGOrthedatant fanster
height; thu ing.amount. [00231 With the

, It may take longer to learn the target lowerin
embodimerR U She LBR IHYERRRiaMLETN b eRatn LBFRRNG fhe AR B e rEbement
amount detectioratectms ébrl deteciiggaancambunt of vertical movement of the grip portion with respect
to 5 the vehjigigate preferably provided wherein the learning control means is configured to learn a

target Igwering amOLint when ll(?)F\?N({erin ;?hengr}ilp portion from a rtefere ce raised %%sition to the target
transfer height with re%ﬁ‘el%:tetr(][)1 S trandret supep8]rft65((ajrr]tlolr%1 with the-ve elc(ignsltrcr)lgpedné{fa e tlasrget stop

position for Beferesiaie cenpissrgsbttcrvaith i éhademniag dndasd YR orned yperaimually

operated cohmand o oth dhetsaeapdiealntRssisimenbes gipneddydtha gdpmeaition, the
learning confre) eans 5 senfigired ioPRIRIM Aloweing posess inlich ap arerglion,gf the vehicle
is controlle(f to stop the ve |c?e at the target stop position and in“which an operation of the vertical
movement H@éﬁél@b@ﬁﬁﬂ%}ﬂ&&%}%g’@riﬁpﬁcﬁﬁm ekt W@W%W%perform a

lowerin@y ani00R8talculating process in which a target lowering amount is derived, based on detected

information form the mg@ca{m@vg&@mgﬂg dgtectionmeans ahadime yhen; gontact getection

means provided to a bottom of the, second learn assist ember.detEcts that the bottom qf the second

learn assistB8HSM SRt AL HRETA ASrOSHEHOIR D SRR HORNBHE fo R Prodsi®and
wherein theszaheimethtionhba s isroeniigshet tondwitdhebetive erea cohiperat states inewfiich ed

incr_easedﬂ?%%@w&é&%t&ﬂW&Miﬁéﬂ?}@ﬁéﬁﬁ%@eﬁﬁ@iBﬁe%!ﬁR@h@l?%%rEﬁ'ﬁ@’%@%ﬁﬂp portion at
an inggasec lquering Seethuiicn s areatar han le set lqwering speed and anonicommand state
25 in whichRRe Rcredde 2Speed’lowering comman%%s ot issued; and w%ereln%ﬁeelear%mg control
means is cOATRIIEE teRasttrordR opeatidhesfetis vertizaniooprintiotoRsr the gilsptieion at the
increased |Wesivfhspeechil theidaieabeldwpeat:loyetng Ganpnaodtisissaedlhy hewamssdand means

when the I%Wg}g?%rrg%g%aeiﬁsageg g{j&rl%%q. 30[00241 With this configuration, since the learning

control megg)s %99.[) owering process and the lowering amount calculating process when the
learning m Q1dbrdered by the manually operated command means, the operator simply orders an
learni2a@ mode to thelleaxninghdosdiahemtaoss thye present invention, the learning control

means is preferably configured to perform a grip portion raising process in

which an operation of the vertical movement means is controlled to raise the

grip portion at a set raising speed which is greater than the set lowering

speed when raising the grip portion to the vehicle stopped at the target stop
25  position.

[0030]

With this configuration, the grip portion is raised to the vehicle
stopped at the target stop position after deriving the target lowering amount
with the learning control means. The learning control means performs the

30 grip portion raising process at that time. This allows the grip portion to be
raised quickly, shortening the time required for learning the target lowering
amount.

The learning method for the article transport facility which has steps
corresponding to these configurations has the advantages that correspond to

35  the configurations described above.
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35 means of the command means to cause the target lowering amount to be learned. In addition, the
learning control means controls the operation of the vertical movement means to lower the grip
portion at an increased lowering speed which is greater than the set lowering speed if the
increased-speed lowering command is issued by the command means during an execution of the
lowering process. Therefore, the grip portion can be lowered at a greater 5 lowering speed to shorten
the time to lower the grip portion from the reference raised position to the target transfer height with a

simple opergiigi PR eRer Bt QNS nSEReTCASRPRE:gPeed lowering command by means of the

command means. As described above, the learning device for an article transport facility is provided in
which the time required for the 10 work to learn the target lowering amount can be shortened while
simplifying Wi$H&1]00251 In the embodiment of the present invention, the learning control means

is preferably configuyrgd fo;determing dhabamalparnalcangiientas;ty, occurred if the
increased-speed lowering.command. has En iSﬁ%Jie(I'l by the command means when the contact

detection means de é%ts thsa?tﬁle %gt]t%% %f. & Ledontr learn assist member has made a contact.
[00261 When the véhiR|S azwany tredlstecsian alrfiedatavriroft Baresizfele20 support portion, it lowers

the grip portion fronFibe 4afesenseraiseb@ositign-iaihed gt diansiedaeigbtiwheke theiglip portion is
lowered at asm Ilgrts )6 twhen the grip portion reaches the target transfer height in order to prevent
damage to the artic e by the“¢ollision with the transfer support portion. Accordingly, by lowering the
grip portion at a smANSr éﬁ%é‘dﬂlﬁ%ﬂlﬁ?ﬁv tﬁ%@ﬁﬁﬁéhi@ﬁ%é’&%tﬁ@fé@& transfer height when

learnih@ the target [Bwgertng ansodmit;ithe tdrded kaweniddeamoust cambendesived in the same
Fig. 7 is a plan view of the second learn assist member,
Fig. 8 shows the flow chart for the learning process,
Fig. 9 shows a vertical movement of the grip portion during the
learning process,
15 Fig. 10 shows when the second learn assist member contacts the
station in the learning process, and Fig. 11 shows the relationship between
the detection mark and the field of view of the image of the camera.

BEST MODES FOR CARRYING OUT THE INVENTION
20
[0032]

The learning device for article transport facilities in accordance with
the present invention is described with reference to the drawings. Since the
present invention is directed to a learning device for an article transport

25  facility, the article transport facility is described first.
[0033]

This article transport facility is provided, for example, in a clean
room with a down-flow type clean air ventilation means which causes the
clean air to flow from the ceiling side to the lower side. As shown in Fig. 1,

30 the article transport facility is provided with one or more guide rails 2 (which
corresponds to travel paths) that extend along a plurality of article
processors 1, and one or more vehicles 3 which can move along with the
guide rail or rails 2. Each vehicle 3 is configured to transport a container 5
(which corresponds to an article), which contains semiconductor substrates,

35 among the plurality of article processors 1. The article processors 1 are

configured to perform predetermined operations on the work-in-process

14



condition as in an actual transfer; thus, an accurate target lowering amount can be learned. To this
end, in the configuration described above, if the increased-speed lowering command has been issued
by the command means 30 when the contact detection means detects that the bottom of the learn
assist member made the contact, the learning control means determines that the lowering speed of the
grip portion is too great, and that an abnormal condition has occurred. And by setting the set lowering
speed to a speed suitable for an actual transfer, the learning control means determines that 35 the

lowering speedof fhe gHRIROHIAR iR dins¥ Brampeerh suiiaRiedar anapiaLuansfer if the

increased-sg)eed owering command has n%/%]been issued by the command means when the contact
detection m&Sh¥étetects that the bottom of the learn assist member made the contact, thus, can learn
an accurate target loWeeingednedeins. 1002 %d &inarventedlmemoviiile pgegenpomtemtion, e command

means is prefgsphi aafiasifestieswoh e GRMITABK g Rl TIRAMAL RS IpR.6fdhe operator

for swng:hlnq,from e non-command sti%tg to ttplet oq;n{Pand Btate,. an(ij to(ie]turn to?the non-command

state by a rdlBSSa ot ﬂ?éftrll%lr]%éT 858?% n ?&CSWl @hingcﬁgm'?hrglﬁgn-%gmrﬁ%eg SatS B EH8 command
state. 10[00Z@1referengiirthiredonsigiiitationdtecosrbhranahitdans ramdine firraetnbiestieand state

if there is noenghtiad OpRIALRTEY ieroRBIaY oarfddmwitehed o thensammanibstatéwhiyiwhen the
manual opelglian b REUGIMER R ePaiR, ASAEING UG MDA RERT. HUST {Rging the
grip 15 portion, |s%aS|cal y the setaﬁlgwerlng eed, ano]I ISan increased-speed lowering speed only

when there i Kedneis §p&&tﬂ%ﬁﬂe%r%l‘i’fﬁ%é?é’fo?@?awiéééic%Mé?%ﬁé?iﬂﬁmﬁe?grip portion
at an iricreaseg pedeling speedlgairiye prelewtesvhen the grip portion 4 is lowered to the

target transfer height from the reference raised position as indicated by the
downward-pointing arrow, and also when the grip portion 4 is raised from
the target transfer height to the reference raised position as indicated by the
upward-pointing arrow.

15 [0035]

Each station 7 consists of a support platform provided on the floor

for supporting the container 5. The station 7 is configured to support a
container 5 with the container 5 properly positioned by the engagement of
grooves provided to the bottom of the container 5 with the engaging pins P

20  (not shown in Fig. 1) provided to the support platform. The stations 7 are
provided for the purpose of receiving containers 5, to which predetermined
operations are to be performed by the article processors 1, from the vehicle(s)
3 or of delivering the containers 5, to which the predetermined operations
have been performed by the article processors 1, to the vehicle(s) 3, and are

25  located in correspondence with the plurality of article processors 1.

The vehicle 3 is configured to move along the guide rail 2 with the
grip portion 4 located in the reference raised position, and to deliver the
container 5 to and receive a container 5 from a station 7 by raising and
lowering the grip portion 4 between the reference raised position and the

30 target transfer height with the vehicle stopped at the target stop position
corresponding to the station 7 to which the article is to be transferred among
the plurality of stations 7. The guide rail 2 is fixedly installed in the ceiling
with the guide rail brackets 8.

[0036]

35 As shown in Figs. 2 and 3, the vehicle 3 has an upper vehicle body 9

located within the interior space of the guide rail 2, and a lower vehicle body
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[00291 20In an embodiment of the present invention, the learning control means is preferably
configured to perform a grip portion raising process in which an operation of the vertical movement
means is controlled to raise the grip portion at a set raising speed which is greater than the set
lowering speed when raising the grip portion to the vehicle stopped at the target stop 25position.
[00301 With this configuration, the grip portion is raised to the vehicle stopped at the target stop
position after deriving the target lowering amount with the learning control means. The learning control

means perf?%égﬁeﬁokﬂﬁw%'@%@lfénﬂaﬁ’fof%&ﬁtéﬂé‘t& %r@l'ﬁi%%@t@@}%fé ROSHeL o be
raised quickly, shorte ngéﬁoflme req ed for learning thﬁg@g&get owering amount. The learning

method for REBFEER AR 90 RESHN G RdBidnblto these configurations has the
advantages that coﬂ’é@p@ppleuo@thb &mﬂ}garhaemmmwdbwsutﬁﬂlm DIESORIBTION OF

THE DRAV\éWﬁﬁl[%O%}aE&xtlaﬁfﬁﬁé’@sVdﬁw &fa%@léftWﬂfa()ﬁPéHtl@@HB/&@ﬁo@ ipagids view of
the ve%cle E .3 dlsa veltih ctional front \11\/ {)trée vehicle, 4 IS a control bI ck diagram
I CCﬁIt P@

of the 1Barnity daVICs 67 Fe ‘tlrgﬂgpo\ffj a 18 aap e9|e SH e T ISAH Bssist
member, 1@Ib|“g%16$s@gldngm&h@%éméhﬁahggﬂm@ﬁ%@ Figichisensigtsvielvtdethe second

learn assistimgiAber 3 and the primary coil 14, and the vehicle 3 is configured to move
along the guide rail 2 by this propelling force. Travel guide surfaces 16 for
the travel wheels 15 provided to the upper vehicle body 9, and sway
10  prevention guide surfaces 18 for the sway prevention wheels 17 provided to
the upper vehicle body 9 are formed in the interior space of the guide rail 2.
Electricity supply lines 19 are provided in the guide rail 2, and power
receiving coils 20 are provided in the upper vehicle body 9. And alternating
current is supplied to the electricity supply lines 19 to cause them to
15 generate magnetic fields, which causes the power receiving coil 20 to
generate the required electric power for the vehicle 3; thus, the electric
power 1is supplied in a contactless manner.
[0037]
While the linear motor drive in which the propelling force is
20 obtained by the linear motor is used as an example for the method to propel
the upper vehicle body 9 in the present embodiment, another method may
also be used in which, for example, an electric motor for rotating the travel
wheels 15 is provided and the travel wheels 15 are rotated by this electric
motor to propel the upper vehicle body 9.
25 [0038]

The lower vehicle body 12 consists of a fore-and-aft frame 21
extending in the fore and aft direction of the vehicle 3, and a pair of front and
back vertical frames 22 extending downwardly from the front end location
and back end location respectively of the fore-and-aft frame 21. The lower

30 vehicle body 12 is formed to have the shape of a bracket that opens
downwardly in a side view, and the grip portion 4 is located in the central
part in the fore and aft direction.

[0039]

Provided under the fore-and-aft frame 21 are, from top to bottom, a

35 slide movement mechanism 23 (which corresponds to the position
adjustment means), a vertical movement mechanism 24 (which corresponds
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Fig. 8 shows the flow chart for the learning process, Fig. 9 shows a vertical movement of the grip
portion during the learning pr ocess, 15Fig. 10 shows when the second learn assist member contacts
the station in the learning process, and Fig. 11 shows the relationship between the detection mark
and the field of view of the image of the camera. BEST MODES FOR CARRYING OUT THE
INVENTION 20 [00321 The learning device for article transport facilities in accordance with the
present invention is described with reference to the drawings. Since the present invention is directed to

a learning davige foL ARAIIAIS JaRSRE ARG It e iuticle TanRoH fRplintisdeseibeptirst. (00331
This article transpart facility is provided,.for example in a'clean room with a down-flgrﬂé/@le clean air
ventilation HEHACAN AN CRE0SIRERIDAF A ]ﬂ%ﬂ’cﬂé)%t?ﬁ% SIS SHRRIBH s shown

in Fig. 1, 3Gstideaniciee treemgporetheilisin (1o vided with onbeyr nworeshidie earadlsn2ovenich doeresponds

to travel paig)fhatBxiRndAIepd Pt of a&&iehex@rﬁmsmﬁq AOLLRA PRIRdIE MRNigkes 3 which
can maqve a,meg with thegmd% rail or rails 2. Fbac vehicle 3 I configured to trﬁnsport %gontalner 5
£ SO

(which correspoﬁtrjlsptg Andhic el)s, \%P OE%endt 1S SEmicondlictBrLabsiradgecnansm
as to be capable of vertically moving with respect to the fore-and-aft frame

21.
[0040]
The slide movement mechanism 23 has back and front pair of
10  concave guide rails 25 which are fixed to the fore-and-aft frame 21 and which
extend in the lateral direction of the vehicle 3, back and front pair of convex
guide bodies 27 which are fixed to the vertical movement support 26 which
supports the vertical movement mechanism 24, and which engage the
concave guide rails 25, as well as a slide driving motor 28, a ball screw 29,
15 and the connecting members 30 for moving the guide bodies 27 along the
guide rails 25. The slide movement mechanism 23 moves the connecting
member 30, which connects the ball screw 29 with the guide body 27, in one
direction and the opposite direction along the lateral direction of the vehicle
3 by drivingly rotating the ball screw 29 with the slide driving motor 28. In
20  this manner, the guide bodies 27 are moved in one or the other direction
along the lateral direction of the vehicle 3 with respect to the guide rail 25 to
achieve the slide movements of the vertical movement mechanism 24 and
the grip portion 4 with respect to the fore-and-aft frame 21 in the lateral
direction of the vehicle 3.
25  [0041]

The vertical movement mechanism 24 includes the vertically
movable body 31 to which the grip portion 4 is fixedly supported, a vertical
movement driving motor 32 for raising and lowering the vertically movable
body 31 with respect to the vertical movement support 26, a rotation drum

30 33, and the wires 6. The vertical movement mechanism 24 is configured to
raise and lower the vertically movable body 31 while maintaining its
approximately horizontal attitude by rotating the rotation drum 33 in one
direction and in the opposite direction with the vertical movement driving
motor 32 to wind and feed out the four wires 6 simultaneously. The grip

35 portion 4 is raised and lowered with respect to the fore-and-aft frame 21 in

this manner.
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35 among the plurality of article processors 1. The article processors 1 are configured to perform
predetermined operations on the work-in-process parts during the manufacturing of the
semiconductor substrates, etc. [00341 The vehicle 3 includes a vertically movable grip portion 4
for gripping the container 5 with the container suspended from the grip portion. 5 The grip portion 4 is
provided such that it can be raised and lowered between the reference raised position adjacent the
vehicle 3 and the target transfer height for transferring articles to or from an article transfer station 7

(which correspondsg fhe, transfet-sunaoit Rediemdasialied shadawerieyshinat,ihe vehigle 3, by
winding and fee%ng,out the wires 6 WEIJ;[h the Vﬁh¢ le 3 10 stopped. Incideptally, Fig. 1 sg@/{s when the
e

grip portion ACIOWERSS 8 tHE e YRP R FOATIRR (Lr3Rnce: iRt posRIEn BeltRdicated by
the downwardkpdiatiwgandwyramadatde wheatibe dripposifom4tisadiseddismahd thrget tthasfer height

to the refereReeifaisechRARIICS Bsdpdigated by thesupyyardieantieg @ bEQ3Lalso bEach
statlon# consists of a support platform provided on the floor for supporting the container 5. The station

7isco figulrleS 0 support a container 5 with the container 5 properly positioned by the engagement of
grooves prc{@i@éa]to the bottom of the container 5 with the engaging pins P 20 (not shown in Fig. 1)

provided to the supp@Klatfprpvriie statiares fi dieddreyided dpathie paase ebtaeesivighaentainers 5,
to which predetermi tigns are to ke pedorm he article,prace 1, fr he vehicle(s)
3 or of deli\%ér‘le]r%lct%élligﬁgieé _rsagef ?Wci%ic%t % g?e%%%%r%ggcgp%rg%ns%ﬁ%@g rﬁl%\gér#olrgmed by the

article proc@§§t¥rs3]1; t@tﬁ@%?ﬁ&e@é}‘é}’&nﬂ"&ﬁ@@@% Hbich EB¥F§§BBH6]énE‘é {he RS BIgRality of
articlel proces§arsrhent méhag)eficleoBasingnfigugasdd shade doabdhe thideeraikalwittighe grip

portion 4 logated jadhe refergacs faised.Rasition;and ta delivardhe crotaipas o and resaive a

container 5 from a station 7 by raisjng,and lowering the grip portion 4 between the reference raised
position and4RBSSb tArRE (ARSI KBHHTAMF (o DEHTEIR SRAREE RITHb ot o 80%

correspondivertethestation iy thiwhigia thegadtivteng todfentrddsferred among the plurality of stations 7.

The guide rail 2 is fixegllyingtaligia e ceding it tetaddeialbsackei 8. JORBEL 8545 shown in
Figs. %5and 3, th g&tygl&ls has an upper ye |ch E}gg%&loc{aﬁed within the interior.s ac%l%the guide
W

rail 2,"and & f%%’(lar vehicle Bc%ﬁ)llp PlotAled veld e g%lilaé) r&i B With (e %%89%% Y5Wer Vehicle

bodies conriEefEd byt o st SridRIack sty vhass tle grippers are pivoted toward
each other to grip the flange 5a, and a release attitude in which the pair of
grippers 4a are pivoted away from each other to release the grip by a rotation
of the gripper motor 41 in one direction and reverse direction.
20  [0043]

As shown in Fig. 4, the carriage controller 36 which controls the
travel operation of the vehicle 3 etc. is provided in the vehicle 3. The
controllers and computers mentioned in the present specification have a
CPU, memory, and a communication unit, and store algorithms which

25  execute the functions described in the specification. The carriage controller
36 is configured to control the travel operation of the vehicle 3, the vertical
movement operation of the grip portion 4, the position adjustment operation
of the grip portion 4 in the lateral direction of the vehicle 3, the rotating
operation about the vertical axis of the grip portion 4, and the switching of

30 the grip portion 4 between the gripping attitude and the release attitude,
based on commands from the managing computer which manages operations
of the overall article transport facility, and on detected information from the
various sensors provided to the vehicle 3.

[0044]

35 Provided as various sensors are a stop plate detection sensor 37

which detects the stop plates installed, for example, in a side of the guide rail
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The upper vehicle body 9 has a primary coil 14 such that the primary coil 14 is adjacent and faces the
magnet 13 provided in the interior space of 5 the guide rail 2. The upper vehicle body 9 is a linear
motor type which obtains the propelling force from the linear motor which consists of the magnet 13
and the primary coil 14, and the vehicle 3 is configured to move along the guide rail 2 by this propelling
force. Travel guide surfaces 16 for the travel wheels 15 provided to the upper vehicle body 9, and
sway 10 prevention guide surfaces 18 for the sway prevention wheels 17 provided to the upper vehicle

body 9 are formed, i3 e erisRans Al M gHes dalkensor 35‘6%1%%8&'%&}66‘8% éogt%e provided
in the guide rail 2, and power rec‘%vm .coils 20 ar W}lﬂ\fﬁ&‘g in the er vehicle bod
p

alternating SGHARR s%ﬂﬁﬁﬁb?}]fo EesTARt g o E5a 8 VRt 8t g‘é‘f'i@?ﬁ magnetlc
fields, whicmeeeseertheftveegrarpivitpuoll 20tlo yepectiddhibeamiroehetectisqubpeiforthe vehicle

3, thus, the glegidcRAWER i3suPPliRd iR 2,AEREEUESTS SASENEE- M%Zédﬂhﬁéﬂ&?r"%a"w‘ﬁ&tﬁr drive in
which the pderII{ng orce is 20 gbt%lned bg/ the linear, m tor |s used as an ZfxamE)he fcfrgh rl’nethod to
propel eg{) 8? \fehlc?e %odil ) € pre gﬁfnemgoo BtHEY Higthod 1r%ay isdbe dsed in

which, for naﬁfélbetﬂ@hﬂdmafmbtwﬁgemet@rab@|k@t@@bw@w@fﬂmmpm@qmvm wheels
15 are rmat@dlb)éi@ﬁlpl@dﬂﬁlﬁlﬂ@r}S@E@’CQﬁ@' the tm@ewﬁlal@esooam 25[0038dn amdietlower

vehicle body Az saneisis e Ieandhatidrams l.exianding ip e ors and aftcliseipnygd the vehicle

3,and a palr of front an ack vertical Trames extending OWFIW&I’ ont en ocation

and back eS#REAERB Pt %(ﬁww&m@we@ﬁ&%ﬁ%ﬁ%@ﬁa}rﬁélwoéﬂgof%were oliher2 is
formetito hatwentherdhapen bl bpaskeabthadfapens doawardiyditiaside welichndhibel gtiprgortion 4 is

located in the, eepital R iThihedRre,avd Alt directinh (0P8R E’éﬂ‘{t@&%%ﬁﬁﬁi‘ﬁ&sf%ﬁ%éﬂ frame 21
are, from top to bottom, a. 35 slid \;g;%v men%%aﬁc@r{flsm 23 (w, corresponds to th sition

€.n
adjustment HEEAS) iy elifmn An fhé fﬂCWcﬂ F’e%’éﬁ@gr%ofhé SitRP movement

means), andetharlyrlb portion 4 in that order. The vertical movement mechanism 24 and the grip portion

4 are supported by Wﬁﬁl%*@%] mevesnant srephsnisdm, 23 auehthabiheyGavalideaad parens the lateral
dlrect&q? of th%ﬁ/e{llllcsl &\%Lt resg tto gafches 1:aar)cd aft fram T e g OI‘tIO({I 4 Is) pported by
Ic

5 |
the vertical movemen Imecia 58 as'to be c;}loraltblegl @fnv%%gi ea]ﬂy mowﬁlgv%%h respec?to the

fore-and-afifraeiéed, and a stop plate is prov1ded at each target stop position. The

vertical movement amount detection sensor 38, the lateral movement

amount detection sensor 39, and the rotation amount detection sensor 40

consist of a rotary encoder provided, for example, to each of the vertical

20 movement driving motor 32, the slide driving motor 28, and the rotating
driving motor 35.

[0045]

For example, when a transport command, for transporting a

container 5 from a station 7 of transport origin to a station 7 of the transport

25  destination, is issued by the managing computer, specifying the station 7 of

the transporting origin and the station 7 of the transport destination among

the plurality of stations 7, the carriage controller 36 first stops the movement

of the vehicle 3 to stop the vehicle 3 at the target stop position of the station 7

of transport origin when the stop plate detection sensor 37 detects the stop

30 plate installed at the target stop position of the station 7 of transport origin.

And with the vehicle 3 stopped at the target stop position, the carriage

controller 36 controls the operation of the vertical movement driving motor

32 to lower the grip portion 4 from the reference raised position to the target

transfer height based on the detected information from the vertical

35 movement amount detection sensor 38. When the grip portion 4 reaches the

target transfer height, the carriage controller 36 operates the gripper motor
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[00401 The slide movement mechanism 23 has back and front pair of 10 concave guide rails 25 which
are fixed to the fore-and-aft frame 21 and which extend in the lateral direction of the vehicle 3, back
and front pair of convex guide bodies 27 which are fixed to the vertical movement support 26 which
supports the vertical movement mechanism 24, and which engage the concave guide rails 25, as well
as a slide driving motor 28, a ball screw 29, 15 and the connecting members 30 for moving the guide
bodies 27 along the guide rails 25. The slide movement mechanism 23 moves the connecting member

30, which cogniects eiballegiaw A0 R auids bad. 2, ene diaion aad e apegsie

direction aI%Eig the Iateﬁ%lgdirectlon of the vehhicle,?, by drivingly ratating the ball screw 29 with the slide
[

driving motoP38eR 3G RerRaRtnhe (088 BHRRELABGRAE A HBERPBFTHE SthETSiHeetion along
the lateral dihectionteftiee GeHibler8afiity,rtlspeatrioabe curidicotdéir256toauinaset tireglielm thmvements of

the vertical &QH_@W@%HA@%@Q&H&% @RJithe 9RRHqD f‘a‘_ﬂéﬂ‘tff‘e’sgﬁﬁi B?)f%fpﬂefﬁlﬁ'ﬁ{%frame 21in
the Iate#al irecti r)%of th{e v%hlcl t?' 2%]0041 The vgrtlcal mov%merat meﬁ[}argés %4dncludes
the ver |callyar1§§%/a rlf%rbso‘af/ 780" Whic .ﬁgeg?i%e%?ti%%lsfls ]ﬁ%léfo%upaﬁgr ed! avertica movement
driving motenBzHeriarinteand hewes s tlevevssatip inovania thediestavitierspecdo thervertical
movement supp@ls2th@ tieiatiDosisinidh 38+hBd Hitcdrests. thbeeverlital e vergatmeeanism 24
1S C.O”f'gure&&g) rgkisﬁt%g '%"%eﬁ}{@es‘é%ﬂ?&”ﬁ/ MPYARIS PG gﬁﬁ%t.‘”é‘é'set{“%‘ Anipg s ap t@gématew
horizontal attitude by rotating the rotation drum 33 in one direction and in the opposite direction with

the vertical RBYERHERt 3ivEomBEIed dpviindraddthe sBURIRETRITRitRE §taRHMah8bdss. The grip
35 pottion 4ranaised aledtiovacied Wthcoespadirg e foretard-afiovamerilapdiisimanfiehe

Although the, example, descriRedin )5 PR LETROSIMENHISARSIWHIATLWIES & afg yyoynd around
the rotation drum 33, for example, belts.may ggr\ﬁgund around 1ghéotatlon drum 33.instead to raise

and lower tﬁ&o\?érﬂgéh’)? I EIBBRPE 19 ¢ SH R BRI LS B used.

[00421  siFhagrp pdrtiotheiswonfigarduitrecctupd ol Yeirgatiencd eitdet travsicataxis by the

pivot shaft 3¢;with respect to the vertically movable body 31. A rotating driving motor 35 (which

correﬁ%ondfoté) t&ﬁ position 10 adjustment means) for rotating the pivot shaft 34 about the vertical axis
é e %Si@ portion 4 is rotated about the vertical axis with respect to the fore-and-aft

is provided, an . t ' .
frame 21 by rotating e plostistescon EwblertRs vertenlmusaditrotieionmng GFRAsporbIdE 35. A pair

of grippers fadersgrifing ébathange Sarohing ecntainer b i i pLpvictes-igitheothe perioond. And the
pair of gripper fi it e ippi itude | [5 ippers are
pivoted towpfrg f:g}(f:%{%é%{tg légr?glt eﬁéﬁémge%%t\,/\%ﬁga} %glgs%%aﬁgﬂ e.in w%]c Qﬂ%%p%%?gﬁ gS?ippers 4da

are pivoted S6VSY AL ol FaTRIRERSMMETHSH P8 homfole BT MBS AMS MotstAEGR one
directith ania réverseadispationg2@{@dd3ilode and is configured to switch to the learning

mode to perform a learning process before performing the transporting
process in the transporting work mode.
The learning process is structured to learn a target lowering amount

when lowering the grip portion 4 from the reference raised position to the
25  target transfer height for the station 7 in order to properly deliver a

container 5 and receive a container 5 from each station 7 with the vehicle 3

stopped at the target stop position for the station 7, and to learn a position

adjustment amount in the horizontal direction when raising and lowering

the grip portion 4 with respect to the station 7 with the vehicle 3 stopped at
30 the target stop position for the station 7.

[0047]

The learning device for an article transport facility according to the
present invention is a device for performing this learning process, and is
provided with a first learn assist member 42 (which corresponds to the

35 detected member for learning) which can be attached to a station 7, and a

second learn assist member 43 (which corresponds to the learn assist
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As shown in Fig. 4, the carriage controller 36 which controls the travel operation of the vehicle 3 etc. is
provided in the vehicle 3. The controllers and computers mentioned in the present specification have a
CPU, memory, and a communication unit, and store algorithms which 25 execute the functions
described in the specification. The carriage controller 36 is configured to control the travel operation of
the vehicle 3, the vertical movement operation of the grip portion 4, the position adjustment operation
of the grip portion 4 in the lateral direction of the vehicle 3, the rotating operation about the vertical axis

of the grip narian &) achiNE:AVisching 0130 he g Rastion,4ibatween,the grpping alilids and the
iy

release attitude, based on com ds from the. managing computer which manages operations of the
overall articBA SR TRAA A B RSB R dG BB A RRECHH VS SEHEBIL HFolRed to the
vehicle 3. [00444] 35Rrovidedoiis hanwisderdarsdatb e stof glhta cdetovtion gensdi@Y ofHich detects

the stop plagegyinsiatieeh tor eeampleninifesiie O tae9uds saiindndheerical-maverierbafeunt

detectipn sensor 38 (which corresponds to the vertical. movement detection megns), which.detects the
amourt of AR IO BRI 8 G Ao o o RNt ST EHEE rhetf ediion of the

vehicle 3, anatéranroddfien bdersendadssartte S e 5 1Hdfebrehich spizappoRdsmovement

of the grip periorohim thellatesah direciioovalitie walideidswib respathimibiedatheal wigiigference
position (fo'&%ﬁmﬂ%’eﬁnﬁ%" RO '%%9%1‘1%6t}’1%'.‘ﬂ85e11%n3§‘%%é8t 1L 30U %8&%%%?1%15 gsor 40
which detects the amount of rotation in the rotational dir€ction of the grip portion 4 about the vertical

axis with repebtdenrentirsahaariretiatorrpdsitr isesariskes sahoAt thRich e leral
directidh anchthexfose bBndtafigirestiondofdih erueticle-Sonoinaines tvithsthmiatesalditexsionhamrd the fore

and aft direclign;of #& HRROHHAN L INEVERIGIG G Wi iRAREBILBE FiaRBlgtes, a target stop

position, co (r)es%)(jnding 15 to the installation position of each station 7 along the path of the guide rail
2, is defined, 3 ﬁ a stop plate is provided at each target stop position. The vertical movement amount
detection sensor 38,Alsesheaval moVegnent Bradirstdkstectorsserisore3gbend theomtaisnodraount

detection S%ﬂé%-ﬂﬁ%‘ﬁb@kﬁi@@%@g@@%@ﬁfﬁﬁﬂﬁ%ﬂé’é)%ﬁm_egﬂ&%gmgf Weivertigal 20
movement dfiving maloy 32, e sice ciivigg olor 28, and the ity dnving mefot 35, 100451 For
example, Wﬁen ranspor command,q%r transporting a con amEng%I’O%’I % statlgnoyo etransport origin
to a station thef shetiehshoHnes débenfieh lrpisaueskisy tRembaagidy corplitenregethty the
station 7 of #heatthedpeoring beginopedlihpsirioned afittersapsport dastinatizmam@e: Figs.
9 and 10.) A detection mark 47 which is square in plan view is provided in
the middle position on the first learn assist member 42 and the detection
20 mark 47 is adapted to indicate the target transfer reference position when
the first learn assist member 42 is attached to the station 7.
[0049]
A shown in Figs. 6 and 7, the second learn assist member 43
includes a plate-shaped lower frame body 48 and a plate-shaped upper frame
25  body 49, and a plurality of bar-shaped connection frame 50 which connect the
lower frame body 48 and the upper frame body 49 with a distance
therebetween. It is desirable for the second learn assist member 43 to have
the same height and weight as the container 5. The same flange 49a as one of
the container 5 is provided in the upper portion of the upper frame body 49,
30 and the grip portion 4 is configured to grip the second learn assist member
43 by gripping the flange 49a with the pair of grippers 4a. Provided in the
space between the lower frame body 48 and the upper frame body 49 are a
camera 51 (which corresponds to the imaging means) which is located in the
central area of the space in plan view and whose imaging direction points
35 downwardly, a lighting device (LED device) 52 which illuminates the field of
view of the camera 51, an image-processing device 53 which can output
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the plurality of stations 7, the carriage controller 36 first stops the movement of the vehicle 3 to stop
the vehicle 3 at the target stop position of the station 7 of transport origin when the stop plate detection
sensor 37 detects the stop 30 plate installed at the target stop position of the station 7 of transport
origin. And with the vehicle 3 stopped at the target stop position, the carriage controller 36 controls the
operation of the vertical movement driving motor 32 to lower the grip portion 4 from the reference
raised position to the target transfer height based on the detected information from the vertical 35

movement aiouRLARIECHONSANSR! B, MISAIhaiRRYoR A sRANGS iR igaLirARgfer height, the
carriage controller 36 operates the grjpper motor 41 to switch.the pair of grippers 4a to the gripping
} (i s
[

attitude, antPEANERS HETRNYECRRIPHIE AshidMshs b biibbe B4R PRIVSHFIIBEFES to receive
the containetd.of ibreadieritad taaikgecdtolere 36 wentraiswiedpdeaticrs ohehdiveaticaltmovement

driving moteh 8% @8 dhearRAKIBH 2Mom tie daat danrissheightiighielmisreaca raised

position based,on the detected.info matior}h%ron%t e vertical movement amount Tletection %ensor 38,

then contro%nt%eat?g\%]ir_loli%rca?tlcl) o Wéc\‘?e clé3 0 ﬁ?@vgo\%ﬁ}&gﬁ%et%li%ﬁ%%st <tBp’Positidn for the
station 7 of Shentfersstotestidatiba. cRABladfrieefettohein i 36 B sampiredoptuplsadihetontainer 5

to the statiogod@iiitie 4 Eanspei] seshinaliantyTeatiediag the W italdnoy et apesagon of the
grip PO”'O”'J‘%I%Q %%9;%%%%%&'8‘&%9%985 mgreLA L when,thevehicle 3 giops aLig target stop
position for the station 7 of the transport destination, similar to when the container 5 is received from

the station ?W‘ﬂﬂ?ﬂ’a?%ﬁbﬁ &H&iﬁ? 1%&39@6]?0‘13’ A c%?ﬁ%@ dhsuilsosghs C'Bhﬁgﬂf‘éﬁeto perform
a transportingnpeetessebilsebGoniainanraried the tdtatiemdhofdranspod atigiadio therstatiefnas of
transport d%{g}qgmﬂ/%@w%jsporting work mode is ordered as described above. The carriage
controller Siolégﬁ)f learning mode in addition 20 to the transporting work mode and is configured to
switch to th ing mode to perform a learning process before performing the transporting process
in the transporting wérk show in Fighd, |heniegrpioceseimbaucturtmleieddnia cardiguoadring

amount wheg (QMeFIOtE SpErREISIRNLF fIUMCHI sfernNCehaiied RASIHRR ISR, and the
15 communication device 56, and to receive the information outputted from the
1mage-processing device 53, the detected information from the laser distance
sensor 55, and the detected information from the contact sensor 57. And the
learning member controller 54 can communicate the detected information
from the laser distance sensor 55 or the contact sensor 57 to the carriage
20  controller 36 with the communication device 56, and can receive commands
from the carriage controller 36, and also is configured to communicate to the
carriage controller 36 the information derived by the image-processing
device 53 from the image information captured by the camera 51.
[0051]
25 The learning control means 44 is configured to perform the learning
process by controlling the travel operation of the vehicle 3, the operation of
the vertical movement driving motor 32 which moves the grip portion 4
vertically, the operation of the slide driving motor 28 which makes the
position adjustment of the grip portion 4 in the lateral direction of the
30 vehicle 3, the operation of the rotating driving motor 35 which makes the
position adjustment of the grip portion 4 in the rotational direction about an
vertical axis, and the imaging operation of the camera 51. The learning
control means 44 consists of the carriage controller 36 and the learning
member controller 54.
35  [0052]
The remote controller 45 is configured to issue a command to the
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25 target transfer height for the station 7 in order to properly deliver a container 5 and receive a
container 5 from each station 7 with the vehicle 3 stopped at the target stop position for the station 7,
and to learn a position adjustment amount in the horizontal direction when raising and lowering the
grip portion 4 with respect to the station 7 with the vehicle 3 stopped at 30 the target stop position for
the station 7. 100471 The learning device for an article transport facility according to the present
invention is a device for performing this learning process, and is provided with a first learn assist

member 42,(whigh corraspandsderthe; 35 defected fRembgniar Jeaipinalmushfan hz Alaghed to a

station 7, and a secon(é]lqearn ass|st member 4%&Whic carrespgnds to the learn assist member) that
iy

can be gripBBEBY&HetGhip PUrHEH2S ARYHeR RIS ARRIGR iSIERBORRE A T BeRS fing the
learning pradessbyycofiteshitignketravel tpdratidre of thgeee hifl¢lBatwh theng riivatensyement
Opgrat_i0ntﬁéﬁé%i%'ﬁgl?%{iQﬁkﬁgﬁtt%rdé'h:)htﬁlfglfgﬁﬂﬁﬁg‘ t})é’ﬁtfdééén_%’fﬁlﬁ’ﬁtf_ ﬂ@f@@ﬁgﬁﬂé& g}gl('%%tatior; 7d
and wi seco arn gssist me ri e grip partion 4, apd a manyally operate
remote con%r%‘ﬁe?%g W ic#f:%lr ggpg’ld@tlg ax%égrﬁﬁga gnrglé%ﬁ%g IS ré%i&g&ﬂ\ﬁﬁi%%a?ssg%saél command

to the learnifptaienl rheanmcadl esaseriaw frhe Tadion P thoteha RiscraHioe RoriaaNaBYis a

conventionaheoselietoand isaludbsisviiehes sSuehasathe Rtanyanl vbpeiatianleysienrstedwired- or
wireless-communication it as. well er yequir ircuits;. but, 1 r,may,not include a CPU
or memory TOAARE CORARAEAL fte ISR %éé"g?m%é¥4%4c”%§s%§%esﬁ¥e

plate-shapef BoBgT PR aplinghiertatdeysring grssdedaesmienlard {5aBrgdi hBs and each

of whith engadesteachlengagingepin Aypndvigedpadtie Etaticnx@miles, 1h2 fiistdaain assistmember 42
is configured 40-penafiaahedin and Re RiPRRI: Pastioned Mweﬁ‘?%g%htﬁﬁgﬁ&@&% {sdzeg Figs. 9

and 10.) A detectjon mark 47 which.is square in plan view is proyided.in the middle position on the first
ar assistHEBE SR AR N GO AR 7 i ey o
reference pagitienwahempnetiost (ddireagsishherthewdZls fattachkd twtheostatiomd sfed492 A shown
in Figs. 6 apHe/ cHiRmaeRNdte N aasiH MeMBBhfdsion of the increased-speed lowering
15  button 59, and is configured to return to the non-command state by a release
of the manual operation. That is, the remote controller 45 is in the command
state only while the increased-speed lowering button 59 is being depressed
by the operator, and returns to the non-command state if the depressing
operation is released.
20 [0053]

The learning control means 44 is configured to execute a learning
process, with the first learn assist member 42 attached to the station 7 and
with the grip portion 4 gripping the second learn assist member 43, by an
order to commence the learning mode issued by the remote controller 45.

25  [0054]

The learning process for one of the stations 7 is described next based
on the flow chart shown in Fig. 8. The learning process described below is
repeated when performing the learning process for a plurality of stations 7.

First, the learning control means 44 performs a travel process #1) for

30 controlling the travel operation of the vehicle 3 based on the detected
information from the stop plate detection sensor 37 to cause the vehicle 3 to
travel to the target stop position for the station 7. Next, as shown in Fig. 9,

the learning control means 44 performs a grip portion lowering process #2)

for controlling the operation of the vertical movement driving motor 32 to

35 lower the grip portion 4 at a set downward speed with the grip portion 4
adjusted to the standard adjustment position by means of the slide driving
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includes a plate-shaped lower frame body 48 and a plate-shaped upper frame 25 body 49, and a
plurality of bar-shaped connection frame 50 which connect the lower frame body 48 and the upper
frame body 49 with a distance therebetween. It is desirable for the second learn assist member 43 to
have the same height and weight as the container 5. The same flange 49a as one of the container 5 is
provided in the upper portion of the upper frame body 49, 30 and the grip portion 4 is configured to grip
the second learn assist member 43 by gripping the flange 49a with the pair of grippers 4a. Provided in

the space bgiysenaihe;|gwerframg fofy 48 ARfdne.HRRELEAMS BOdYIAD Are A GAmEsA Gbiwhich
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the image ca;la Vilhlgh de(iects the

turj rocess, etc. of the.camera,5 laser, distance sor 55
distance to %é}%é?le%cg‘f&ﬁe%f%ié oW §Cé?mﬁéﬁée§%%gﬁ%edr%§ sllf?rliln% IFg tdownward, B ait

and a
communicatidideiheel sty chreahi comnslificafergiraid suiy dixegiery of ilforgrapdetitnte carriage
controller 3eRnhéh@erantdtelconitelial 4netttonveitionalsamaia, sy chmstadnePtbamekickan be used

as the cam ra, 5t JHIee LONIACL SENSUR 7twhi htﬁﬁetfa a.contact with an object below are provided
to the Iower% fram [%18@1%”{0 (lex(%gtna th%rgt r%u%%. ﬁe %}%rgé 10 contact sensors 57 are arranged so
that each is[m d at each corner of a triangle in plan view. [0050]

10 The learning control means 44 continues to lower the grip portion 4
at the set lowering speed during the execution of the grip portion lowering
process if the increased-speed lowering command has not been issued by the
remote controller 45, and performs a speed increase process for controlling
the operation of the vertical movement driving motor 32 #3-#5) to lower the

15 grip portion 4 at an increased lowering speed which is greater than the set
lowering speed if the increased-speed lowering command has been issued by
the remote controller 45.

Thus, the learning control means 44 controls the operation of the
vertical movement driving motor 32 to lower the grip portion 4 at the

20 increased lowering speed which is greater than the set lowering speed if the
increased-speed lowering command is issued by the remote controller 45
during an execution of the lowering process. Therefore, the grip portion 4 can
be lowered at a greater lowering speed to shorten the time to lower the grip
portion with a simple operation by the operator of issuing the

25  increased-speed lowering command by means of the remote controller 45.
[0056]

As shown in Fig. 10, when the learning control means 44 detects
that the bottom of the second learn assist member 43 contacted the upper
surface of the first learn assist member 42 on the station 7 by sensing that

30 all of the three contact sensors 57 provided to the second learn assist
member 43 contacted the upper surface of the first learn assist member 42, it
stops the lowering of the grip portion 4 by the vertical movement driving
motor 32, and determines if the increased-speed lowering command has been
issued by the remote controller 45 #6, #7).

35 If the increased-speed lowering command has not been issued by the
remote controller 45 when the learning control means 44 detects that the
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As shown in Fig. 4, the learning member controller 54 is configured to control the operation of the
camera 51, the lighting device 52, and the 15 communication device 56, and to receive the information
outputted from the image-processing device 53, the detected information from the laser distance
sensor 55, and the detected information from the contact sensor 57. And the learning member
controller 54 can communicate the detected information from the laser distance sensor 55 or the
contact sensor 57 to the carriage 20 controller 36 with the communication device 56, and can receive
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learning coRffIThBATE K| é%bﬁﬁb}tﬁéd%%%feaee VIRt BERRS lGANASSRS IR SE sist
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The learning procesi for one of the %‘gns 7is deacrlbetliq plext based on the fI char shown in Fig.

8. The learning procels {85 ASEd iSHES SMGiHiSy tﬂ&lt@% JBroOEE for a
plurality of sestiedslry the remote controller 45 when the contact by the second learn

assist member 43 is detected, the learning control means 44 performs an
25 abnormal stop of the learning process treating it as an abnormal condition
#9).
[0059]
The learning control means 44 controls the operation of the vertical
movement driving motor 32 based on the detected information from the
30 vertical movement amount detection sensor 38 to raise and lower the grip
portion 4 such as to position the second learn assist member 43 at the target
height for and with respect to the first learn assist member 42 #10). At this
time, the learning control means 44 checks whether the second learn assist
member 43 is located at the target height based on the detected information
35  from the laser distance sensor 55. Here, the target height is determined such
that the distance between the camera 51 and the detection mark 47 is the
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First, the learning control means 44 performs a travel process (#1) for 30 controlling the travel
operation of the vehicle 3 based on the detected information from the stop plate detection sensor 37 to
cause the vehicle 3 to travel to the target stop position for the station 7. Next, as shown in Fig. 9, the
learning control means 44 performs a grip portion lowering process (#2) for controlling the operation of
the vertical movement driving motor 32 to 35 lower the grip portion 4 at a set downward speed with the
grip portion 4 adjusted to the standard adjustment position by means of the slide driving motor 28 and

erforming R B T B cment
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which is greater than the Set lowering speed if the increased-speed lowering command has been
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the remote controller 45 glysnn an execution of the lowering process. Therefore, the grip portion 4 can

be lowered SR Y& atBeIFERTIEhBAS hboraHinEmetEo ViR GHis'Shrioe Mt alsimple
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that tq% bottom of. the second legrn assist. memt%er 43 contacted ttaeeﬁgggr sur{gge of the firPt learn
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increased-speed lowering command has not been issue 'he remote cantroller 45 when the
learning coﬁ?&ﬂ%r@ﬁ%%ﬂ@&%ﬁﬁa‘%%@ans for a set period of time (for example, 10
20 seconds) so that the swaying of the grip portion 4 is settled down before

performing the first image capturing process is performed in order to
accurately derive the reference position deviation amount by removing the
effect of the swaying of the grip portion 4 as much as possible.

[0061]

25 The learning control means 44 derives the reference position
deviation amounts based on the image information from the camera 51 in the
deviation amount calculating process by means of the image processing
device 53. And, as shown in Fig. 11, the learning control means 44 is
configured to derive, as the reference position deviation amounts, a lateral

30 width deviation amount a between the detection mark 47 and the imaging
reference position in the lateral direction of the vehicle 3 (see Fig. 11 (a)), a
rotation deviation amount B between the detection mark 47 and the imaging
reference position in the direction of rotation about an vertical axis (see Fig.
11 (b)), and a fore and aft deviation amount y between the detection mark

35 47 and the imaging reference position in the fore and aft direction of the
vehicle 3 (see Fig. 11 (c)). In Fig. 11, the X-axis indicates the lateral direction
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bottom of the second learn assist member 43 has made contact, the learning control means 44
performs a lowering amount calculating process in which a target lowering amount is derived (#8)
based on the detected information from the vertical movement amount detection sensor 38 at that
time. Here, 5 with respect to the calculation of target lowering amount, for example, the lowering
amount from the reference raised position until it detects the contact of the second learn assist
member 43 can be derived as the target lowering amount, or a correction added to that lowering
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drivingnotex3mbaseftamn tt‘leedéiet&tadel niorthatﬁrdﬁlmﬂhﬁ Betvestinat neosvementtimgfutiieletection
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at the target height fo h respect to the first Jearn assist member 42 (#10). At thig time, the
learning coﬁ?r‘ii‘}%r? §VAA AR ADRIREHE CAR %c‘iﬂﬂj"lﬁa’r O&sg?ﬁ })ﬁ% Fi‘?o@ bthe target

height basetherlihectioe it ddtdbionmatibnB5themettadakextitahve seriber 155Nk &8 ahdharget height
is determingdasyshof the standard imaging mark 60 and the point P4 of the detection

15 mark 47 corresponding to P3. The fore and aft deviation amount y can be
derived, for example, from the distance in the Y direction between the center
P5 of the standard imaging mark 60 and the center P6 of the detection mark
47.

[0062]

20 If the lateral width deviation amount a and rotation deviation
amount B which were derived in the deviation amount calculating process
are within a set tolerance range (for example, £0.3mm for the lateral width
deviation amount a, and +0.3 degrees for the rotation deviation amount B),
the learning control means 44 determines whether the fore and aft deviation

25 amount y is within a set tolerance range (for example, £5.0mm), and if the
fore and aft deviation amount y is within a set tolerance range, then the
learning control means 44 performs a position adjustment amount
calculating process (#13-#15) in which the position adjustment amount is
derived from the lateral width deviation amount a and rotation deviation

30 amount B which were derived in the deviation amount calculating process.
Here, in the calculation of the position adjustment amount, the lateral width
deviation amount a and rotation deviation amount B, which were derived in
the deviation amount calculating process, can be used as is, as the position
adjustment amounts. Thus, the learning control means 44 performs the first

35 deviation amount calculating process by performing the deviation amount

calculating process and the position adjustment amount calculating process.
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that the distance between the camera 51 and the detection mark 47 is the optimal distance for the
camera 51 to capture an image of the detection mark 47, and is, for example, where the grip portion 4
is raised by a set height (for example, 3mm) from the position at which the contact of the bottom of the
second learn assist member 43 is detected. In this manner, the learning 5 control means 44 performs
a positioning process by performing the travel process and the grip portion lowering process, and by
raising and lowering the grip portion 4 such that the second learn assist member 43 is located at the
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grip portionflasshtiled slavadpedesd performing the first image capturing process is performed in order
to accurateleogg '}/e the reference position deviation amount by removing the effect of the swaying of
10

the grip por as much as possible. [00611 25The learning control means 44 derives the reference
position deviation anothiEHAEEE SAMREOIMAGRIAMASANSETENE Granatndth B GARKEr8dhStion

amouh0 caliniatiegofrtee stebychieans aflth¢inagerplotessingndehicdi b Andgascapownng Fig. 11,

the learning,eoptrol means 4 imeanfistithig.Arlve. @miheIleiaenpeReritios dawatignagounts, a
lateral 30 width deviation amount a bet\éve%gn téwe detection ngrk 47 ang -thﬁ ém Ing reference position

in the latera? HiF8cHOR B ShE et PLdleigetertioy Prftatioh (R Todviden the
detection meatodfsfattesimagindn the deviation amount calculating process in the first

deviation amount calculating process, the learning control means 44 derives
15 unit image deviation amount data which shows the amount of deviation in
the horizontal direction between the detection mark 47 and the imaging
reference position for each of the plurality of images (for example, 100), and
extracts data in an effective measurement range by removing data for which
the deviation amount falls outside the effective measurement range from the
20  plurality of unit image deviation amount data derived. If the number of the
extracted unit image deviation amount data is greater than or equal to a set
number (for example, 30), the learning control means 44 takes an average of
the plurality of the unit image deviation amount data to derive the reference
position deviation amount. As the averaging process, the learning control
25 means 44 , for example, can derive an average value of the plurality of unit
image deviation amount data, and use the average value as the reference
position deviation amount.
[0064]
If the lateral width deviation amount a and rotation deviation
30 amount B which are derived in the deviation amount calculating process fall
outside the set tolerance range, and if the number of times the deviation
amount calculating process is performed after execution of the positioning
correcting process has not reached a permitted number (for example, 4
times), the learning control means 44 performs the positioning correcting
35 process, in which the operations of the slide driving motor 28 and the
rotating driving motor 35 are controlled, based on the detected information
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reference position in the direction of rotation about an vertical axis (see Fig. 11 (b)), and a fore and aft
deviation amount y between the detection mark 35 47 and the imaging reference position in the fore
and aft direction of the vehicle 3 (see Fig. 11 (c)). In Fig. 11, the X-axis indicates the lateral direction of
the vehicle 3, and the Y-axis indicates the fore and aft direction of the vehicle 3. A square standard
imaging mark 60 (which corresponds to the imaging reference position) is pre-defined in the center of
the field of view of the camera 51, and the standard imaging mark 60 has the same shape and 5 size
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deviation am ich were derived in the deviation amount calcu atlrl}%ﬁprocess are within a set
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rotatidii) deviatiad atioynirogdie learning comtrahmeanslfiddetenninasowhethBothexfaredad aft
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deviation a is_within aset olerance range, then the learning control means 44 performs a
position adj é’%ts set to erance rangge as shown 1n ﬂlg% 11 {0) ang 11 (%)D 51

learmng control means 44 adjusts the position of the grip portion 4 in the
lateral direction of the vehicle 3 such that the center P1 of the standard
15 1imaging mark 60 and the center P2 of the detection mark 47 coincide with
each other as shown in Fig. 11 (d), and adjusts the position of the grip portion
4 in the direction of rotation about a vertical axis such that the point P3 on
the Y-axis of the standard imaging mark 60 and the point P4 of the detection
mark 47 coincide with each other.
20 [0065]
After raising the grip portion 4 by a set amount (for example, 30mm),
the learning control means 44 lowers the grip portion 4 until the contact by
the bottom of the second learn assist member 43 is detected, and performs a
retry process in which the operation of the vertical movement driving motor
25 32 1is controlled based on the detected information from the vertical
movement amount detection sensor 38 to raise and lower the grip portion 4
in order to position the second learn assist member 43 at the target
height®#19). With the second learn assist member 43 located at the target
height, the learning control means 44 performs a second image capturing
30 process in which the imaging operation of the camera 51 is controlled to
capture the image of the detection mark 47 #20), and performs again the
deviation amount calculating process in which the reference position
deviation amount in the horizontal direction between the imaging reference
position defined in the center of field of view of the image and the detection
35 mark 47 based on the image information captured in the second image
capturing process #12). With the second learn assist member 43 located at
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calculating process (#13-#15) in which the position adjustment amount is derived from the lateral width
deviation amount a and rotation deviation 30 amount 6 which were derived in the deviation amount
calculating process. Here, in the calculation of the position adjustment amount, the lateral width
deviation amount a and rotation deviation amount 6, which were derived in the deviation amount
calculating process, can be used as is, as the position adjustment amounts. Thus, the learning control
means 44 performs the first 35 deviation amount calculating process by performing the deviation
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(#13-#15) in which the amount of position adjustments is derived from the

lateral width deviation amount a and rotation deviation amount B which

were derived in the repeated deviation amount calculating process. Here,

when calculating the amount of position adjustment, in the lateral direction

20  of the vehicle 3, if the lateral width deviation amount a which 1s derived in

the deviation amount calculating process and the adjustment amount in the

movement adjustment amount are in the same direction, the lateral width

deviation amount a and the adjustment amount are added to derive the

position adjustment amount, and if they are in the opposite directions, the

25  position adjustment amount can be derived from the difference between the

lateral width deviation amount a and the adjustment amount. The position

adjustment amount for the direction of rotation about the vertical axis can

also be derived in a manner similar to one for the lateral direction of the

vehicle 3. Thus, the learning control means 44 performs the second deviation

30 amount calculating process by performing the deviation amount calculating
process and the position adjustment amount calculating process.

[0067]

If the reference position deviation amount, derived based on the

image information captured in the first image capturing process, falls within

35 the set tolerance range as the result of the learning control means 44

performing the first image capturing process and the first deviation amount
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If the lateral width deviation amount a and rotation deviation 30 amount 6 which are derived in the
deviation amount calculating process fall outside the set tolerance range, and if the number of times
the deviation amount calculating process is performed after execution of the positioning correcting
process has not reached a permitted number (for example, 4 times), the learning control means 44
performs the positioning correcting 35 process, in which the operations of the slide driving motor 28
and the rotating driving motor 35 are controlled, based on the detected information from the lateral

movement @QQH%@'@&%FQ&%'Bﬁ%ﬁ8&@9&%%‘19&%%@@18%&%&&%%%{‘%8& HUEELBR adjust the
position of the secondléarn assist member 43 based qh a movemen ad.téiinoegt.amou t derived
based on tH3HHaGd it ﬁ?ﬁﬁﬁﬂrb%%][ r&@l#ﬂ%?ﬁéﬂrﬁgﬁé%‘éﬁﬁﬁf&fb‘?ﬁ Or&esViod g control
means 44 denivgs. tHEheferéhee pdsittoree epiatitvamdeniadienyednmthet dewiatibe aderivedalculating

process as é‘&@d?&b@?‘%ﬁ@uﬁﬁn%ﬁéam%ﬁ i'i‘n%rﬂﬁ%i@%”ié’&p‘%ﬁﬁ&fﬂﬁg E&C?ﬁ%tTﬂ%%iéethe
Iearning control means 44 derives H’u% latera .\indth dffviation mount a and the rotation ei/iation

amount 6, WAICH &r&ive i e DGR ERBUR TE AU AN PE S 28 RE B Eiment
adjustment @grbiast. fromeiengies] viderefissanter aositivnddiansivarasuntat ki rdbatioth@sviation
amount 6 falleutsidebe-sririalerapes tRRgdas fhoM A mobigs. ddrivdbd sl (b, the leaiaing control
means 44 adj ositiqn of the g rtion 4_in the lateral direction of.the vehiclg 3.such that the
center P1 oﬁﬁe%%g%%glr(? 51@ Prﬁga(i i%gcn}i%rﬁ%%é)éﬁnda l%eei}(‘:?i r?t{gl;lBéj 8?%}%(38 S&étg%%)r?%n]%glrﬁi t:éoincide
with each oBSEHALCERBGMTRTIEE. %e(éﬁt%ﬂoo{ajﬁ%wg Je<esRTERIRed I PR MaeAtadn thatirection of
rotatidi) abaudtge verical akis Sabh dhat ke qddine Pd agetHEN¢-pxid tad tha standecd g ggiogessark 60 and

the point P4.05 i detesURRdpatHAY soiaclif it SR ethe ROIP0RB L ARSI Risig i geip portion

4 by a set amount (for exam%lcfé 30mm), thelearning control means 44 lowers the %?Fo portion 4 until
zﬁ#ﬁé" 6

the contact B TRBYottorA d7 ee SHcBAGAS AN LREiHATSMS SERDRE AR DEAEHNE S retry
process in Wwhishlthe tperatageohtioevertionl capterdnnddrigratatoage capturing process

to position the detection mark 47 in the center of field of view of the image.
15  And having performed the positioning correcting process, and by performing
a second 1mage capturing process and a second deviation amount calculating
process, the learning control means 44 can accurately derive the reference
position deviation amount based on the image information captured in the
second image capturing process, and can accurately derive the position
20 adjustment amount by taking into consideration or by adding not only the
reference position deviation amount but also the movement adjustment
amount.
[0068]
And, since the learning control means 44 determines whether fore
25 and aft deviation amount y is within the set tolerance range (for example,
+5.0mm) in the second deviation amount calculating process after
performing the positioning correcting process #18), even if, for example, the
fore and aft deviation amount y falls outside the set tolerance range (for
example, £5.0mm) in the first deviation amount calculating process, by
30 performing the positioning correcting process, the fore and aft deviation
amount y may come to be within the set tolerance range (for example,
+5.0mm) in the second deviation amount calculating process. Therefore,
because a deviation in the fore and aft direction of the vehicle 3 can be
corrected by an execution of the positioning correcting process, the position
35 adjustment amount can be learned without abnormal conditions occurring

unnecessarily.
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25 32 is controlled based on the detected information from the vertical movement amount detection
sensor 38 to raise and lower the grip portion 4 in order to position the second learn assist member 43
at the target height(#19). With the second learn assist member 43 located at the target height, the
learning control means 44 performs a second image capturing 30 process in which the imaging
operation of the camera 51 is controlled to capture the image of the detection mark 47 (#20), and
performs again the deviation amount calculating process in which the reference position deviation
amountin t izontal direction between the imaging reference position defined in the center of field

of view of the imageﬁl.%léhe detection 35 mark 47 based on the image information captured in the

second image captu FOCLIB PR TR e S &b rMESH T RRSRIHEMBLAA S TRAER Rhe target
height, the leaagiegConerdetreetinn 40 aviitd Torex st gened ohtihe $kmoaxaimplge I pteomgs) so that

the swaying,phiBesgrmBAEiam this &sitRs deuhbefareRerNEMNg HpeSRSORGINTRER SARHING

process is performed in order to accuratgly derive, the referen osition deviation amoynts by 5
removi%g tf%ée%e%?%ﬁﬁ% sm‘fai/rirrll%ggf ?ﬁe g?ige %tgrct%%%%%rnglufcﬁ g rp%xs%llgp fe[dﬁé%%unar ?the lateral

width deviatisnesmiaurOa saserdtatibn dbeiadion aftsumrBownichalattatiors aurasepe teptated

deviation aasndcaloUiatiog precRas: astcnlitithesriigietheck sande(fmexampaleadys 3mm for the
10 lateral wigl devigiap smaunt g.andighs dsaiess ferdbelqipliondeviatipn.amayn o). ghe learning
control means 4fdetegrm|nes %.et er the fore and aft deviation amount y derived In the repeated

deviation af@vistiNciathm hrsiaossdd dinsetiordiebisandd et ttio et 6 rintieand if the
fore an@l aftidevgatignrafanimtey e syitbin fosetdclerdndeerahge; lite rofnedegesirifpi Bxantpdemeans 44

performs a pagition adivptAnt AMOSAtLGRIMIANNG RIRCRSS (IS 1ahiRe G the AmeuRt pf position
adjustments is derived frog the lateral width Eﬁﬁllatlon ourcl)%% and rotation deviation amount 6 which

were derivel @it Fe PG eV iRt 6rremRt ar&uts%qﬂ RV PREARTS OB ERRGSthe amount
of position dupustriient pivtiadi taterhl dirdctiormge e toniclnd)uithediateralavisitlddfidtion amount a

which is derivadiip.the deviatien amPunt calgHatingnirsess alshiine Rl stnoess arpeHahigthe
movement ad'{tljsflpent amount r%- t? the samei gi%ﬂ%ﬁ, the lateral widépocfleviation fmo%nt a and the

adjus Ment @Mount &1 %t ed oeder?\}feet%aemp%smon a jues ment améan Fand" ﬁ%ﬁSy are’in the opposite
directions, tae average of the plurality of the unit image deviation amount data to derive
the reference position deviation amount. As the averaging process, the
learning control means 44, for example, can derive an average value of the
plurality of unit image deviation amount data, and use the average value as
20  the reference position deviation amount.
[0070]

The learning control means 44 carries out an abnormal stop of the
learning operation treating it as an abnormal condition, if the number of
times of execution of the deviation amount calculating process executed after

25  execution of the positioning correcting process reaches a permitted number
(for example, 4 times) #21). Thus, if or when the total number of times the
second deviation amount calculating process has been executed becomes
greater than the permitted number, the learning control means 44
determines that to be an abnormal condition in which repeated execution of

30 the positioning correcting process would not cause the reference position
deviation amount to fall within the set tolerance range.

[0071]

After performing the deviation amount calculating process based on
the first image capturing process and the first deviation amount calculating

35  process by execution of the position adjustment amount calculating process,

or the deviation amount calculating process based on the second image

32



25 position adjustment amount can be derived from the difference between the lateral width deviation
amount a and the adjustment amount. The position adjustment amount for the direction of rotation
about the vertical axis can also be derived in a manner similar to one for the lateral direction of the
vehicle 3. Thus, the learning control means 44 performs the second deviation 30 amount calculating
process by performing the deviation amount calculating process and the position adjustment amount
calculating process. 100671 If the reference position deviation amount, derived based on the image

information capturedbin e firstimaas capIING REQesasHfalmuithin3e.e SeLIgeseage e as the
result of the learning co&tro&means 44 perfgrming the first mggeé:ﬁr% ring process and the first
W

deviation arftRitiEdfutdtig preOse U AHEIRIRY THe AR BantPtREGEe mark 47
is determinéebtonbeg coatedlimibencettapaforerficiczoiviewtodthe smagerothen itheviaididghee position

deviation agguniiean beterivadiaseuratalnleased anthenivagesv i mationiraptvr egddniths firstimage
5 captLglng Iproceagé and the Ptosmon gd ustrpent amount can lile %ccuratelg@derl}\{ed f{ m thée derived
reference po%llﬁ%n eviatioR am Hn% nNE otidr Rand e & erelﬁc%rﬁ S X

: o' 88viAoRtAmount,
derived bas]@dVéﬁlﬂ&Sh%@e(ﬁﬂ‘B}mation captured in the first image capturing process, falls outside the
set tolerand@ogge, the detection mark 47 is determined to be located in an 10 edge area of the field

of view of the image i, Pagigpo R aGHIRg pIORESSTS PRloTEd ARGl Ang 3 Resition
adjustment of the secon&eam assist membeér is carried out aseé on the movement a&Ju tment

amount derARSQBHBET B EA@TIRREGY MYBeREEn EAPRIFSEERTTTE MAtiivaydevaBtinma BRRGs to
positia0 theddeieetiorbasaik bhintthhe demieeofifieddrabview afdpruiradgeén 1 5hndinavingpgdormed the

positioning coReiAg RHRKESS, 20 OXPATAMTHINSSEERAIMAIR FAPIIRAPIRRRAS B R second
deviation ar@%%nt ca culatl$ process, thealfarnl.ng r%‘?}:trol means 44 can accgjr]%t y derive the

|
reference ptEHBIPESARIEN ZrS8Et BRREH BHIHREHAG BRI PHARB PEAHithe %@ts‘éﬁﬁﬁﬁ image
capturing praggss;ingdraceascunatslyal st the pdsition 20 vaiusaiveria timg mobysskiiginto

consideratigR Of byeagdineneikomyithgsrisance ReioB drv@IAN REUTER Wralse adngvement
adjustlrgent amoun%. {910681 And,,ﬂglce chle Ieagnin control. means 44 determines v¥hetheﬁofore 25 and
aft deviation lélar\flvoﬁnt y is Wity the St to éerarr?cg_rreancgee Iff?)srl elggmpefé’,l -Ohia ?ﬁl the Csaerclz.oneczl deviation
amount calél§ritied precesztaleMssadrminghselprrgtoniHgeprdetnganbeees w1 gheedaistf, for
example, therfese apshaihdeyiapescasspunhy falis opisitotheaguiaierancedange tfosaxabeple,
5.0mna) in e, st o viatenAmANR GRICHIINGIRIORS %R 30 PEITOMIIAR R RRRIGAING gorrecting
process, the fore and aft deviation amount y may come to gwn In the set tolerance range (for

example, S:BMAHYGH hededbhBcuERigERIAra ot aLEARRY PRt ke d Iseslier a
deviaf6n intihe foregmn dndifirdiretatinncafpihver e hicle l3eclindb el cergecteg byrangepecertian 6 llse

positioning 895@@8@”91@@8@%615?&&%5%{%6, the detection mark 47 is determined to be
located in an edge area of the field of view of the image. The positioning
correcting process is performed accordingly and a position adjustment of the
second learn assist member is carried out based on the movement
25 adjustment amount derived based on the image information captured in the
first image capturing process to position the detection mark 47 in the center
of field of view of the image. And having performed the positioning correcting
process, and by performing a second image capturing process and a second
deviation amount calculating process, the learning control means 44 can
30 derive the reference position deviation amount accurately based on the
image information captured in the second image capturing process, and can
derive the position adjustment amount accurately by taking into
consideration or by adding not only the reference position deviation amount

but also the movement adjustment amount.

35 [0073]

And in the learning method for the article transport facility
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35 adjustment amount can be learned without abnormal conditions occurring unnecessarily. [00691
The learning control means 44 causes the camera 51 to capture the image of the detection mark 47
several times in the second image capturing process. The learning control means 44 controls the
operation of the camera 5 51 to capture the image of the detection mark 47, for example, one hundred
times in 10 seconds. In the deviation amount calculating process in the second deviation amount
calculating process, the learning control means 44 derives unit image deviation amount data which

shows the oyt b devigtion, i dhrhetizanial dirgatinngRetween fhe detection Markks aid the 10
imaging reference posmﬂo:‘g for each of the plural tyt%f#mages (for example, 100), and extracts data in
a

an effectivedH@SBGrE AR iR FaRt IO rénRhyd RHRRPHIGBV (B FORPRIRR AR RS GSide an
effective méestmenserst raregelfeorine plurtdlityvehinlit Pregephel/mtitnedangait dataeevitiod, If the
number of tﬁﬁ&%ﬁ%ﬁt%ﬂ@@fi@ﬁ%tﬂﬁi/ iﬁHﬂH‘s@éﬂ%Eﬁé@tM&?&%H}éﬁtﬁ{éﬁ_ %ﬂi&alﬁﬁ_t number
(for ex mpIIeI,l 30%, thf tlﬁarniné; c(?ntrol means 4%éakea (?H average of &he E{Iluralr% of ghe l%ﬂlt image
deviation amc?l?n_sd% ato dett e e'te rlgﬁc%rpo iﬁéln e\ﬁalct?oﬁ a ufﬁy sgtﬁ% a%rag’ing rocess,
the learningPeeHaorMBapkeR1Fopesiamphsl dan whikke dhasrayevdinnofitie prisddy ddnit image
deviation amguiedasachnthaselibeax@idde vallugsa e dibaheierniel pestiarnderatangmount.
loovoL I ieprning.genrolmeans 44 Gatiss.auhan ahnormal siop ol e I6arning peration
treating it as arf abnormal condition, If the number of times of execution of the devidation amount

calculating BFE¥ER ede AuEESAIER 25 BReBIRD A DMAYBBRB IR g EBHECHRE (iesds r8dches a
permitted numbed(far expmpie, théinmes)gd#2T) thbudetborivhendhk ial anudnbke afdforeathe second

deviation amoupl £RIGUALIRG RIAGESSNAMPARD RYRGWIE PEEPIEES 9 RALR/DRT R RRLBitted number,
the learning cpntrol means 44 determines that.to be an abpqrm Icon(ilgon |§ which repeated
execution of SETHECH IO %aéﬁﬁnéeﬁ%é@é Ra8Y %ﬂﬁa{g‘srévtﬁ Ef&rerte PYsitBAtfeviation

amount to falifeiithintibe septolerdnee ttamdarsf00TagIAEestpprfardindithé deviatiom smoumtcalculating
process baggg-amthiadirstipagse prpiHRGPreaessIAnH theditssdeyaficnamaunteaiHtating 35
e S P L PRI TR R TSRS R oo
reference position deviation amount derived in the first deviation amount
calculating step falls outside the set tolerance range, the positioning
correcting step is performed, in which the slide driving motor 28 and the
rotating driving motor 35 are operated, to adjust the position of the second
20 learn assist member 43 based on the movement adjustment amount derived
based on the image information captured in the first imaging step. And after
the positioning correcting step is performed, a second imaging step is
performed in which the camera 51 is caused to capture the image of the
detection mark 47, and the reference position deviation amount in the
25  horizontal direction between the imaging reference position and the
detection mark 47 is derived based on the image information captured in the
second imaging step and a second deviation amount calculating step is
performed in which position adjustment amount is derived from the derived
reference position deviation amount and the movement adjustment amount.
30
[Alternative Embodiments]

(1) Although all of the lateral width deviation amount, rotation
deviation amount, and the fore and aft deviation amount are derived as the
reference position deviation amount in the embodiment described above, any

35 one of the three, for example, may be derived as the reference position
deviation amount. And a horizontal direction along which the reference
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capturing process and the second deviation amount calculating process by execution of the position
adjustment amount calculating process, the learning control means 44 performs a grip portion rising
process in which the operation of the vertical movement driving motor 32 is controlled in order to 5
raise the grip portion 4 at a set raising speed which is greater than the set lowering speed (#22).
[0072] Thus, in the learning device for an article transport facility according to the present
invention, if the reference position deviation amount, 10 derived based on the image information
captured in the;firsh INAGE ARG RIGCERS: (AP wilhin s aebialeranas 1Rngees the result of the
learning control nfeans 44 performing the positioning process, the first image capturing process and
the first devidlédamount calculating process, then the detection mark 47 is determined to be located
in the center of the fidl cAltheisgh ottive invége. Phereske efetbrcepusitomdetiatibovamount can be
derived accyEatshnRaped artheipagediiiermation dﬁé&tﬁfﬁﬁﬂ% theolielt e 9 precess, and
the po%tion adjil,éstment amour%t can be accurateI){ etgived f{:om thg deri\%e erence p%ot%tion
deviatiOn aROUntO ORIhe bther hadd A the Fafeferite Bé)sefﬁo%rﬁléawa?%ﬁl AMOURF YErVied based on 20
the image itfergkitopoEsistré dsiakre frbyithegeet apaainy Mfocessmale.ciiside)ihe set tolerance
range, the detemsion mark 47 is determined to be located in an edge area of the field of view of the
image. The positionifg qarracling progsss,fs Rediarmed agsordinglviand anosiion Adisiment of the
outb l 3 a

second learn assist mémber IS carrie t based on the movement juStment amount derived

based on t@inﬁ@éﬂn?&rnfé’t%np@ébtﬂﬂ%ﬁl& tﬁ@ﬁ?&iﬁ%g@r@gﬁﬁrin&‘?ﬁ@@es@ﬁ) JBSiiM e detection
mark 47 in thdywehtendf dielchoftviewrnbtha gnihgeledad loavingkedfonv et e pasitidriieddcof recting

process, ang by, Rer{eIMifch 8 SERANTIMARS CARILENG, BIGERST ARG RoseanmsL R ViRtiaR-amAaUNt
calculating %%oc SS, Hw learning COﬂtro%ﬁE 44 can 30 derive the reference position deviation

amount accdtatelPhasSPEHaMAYgE {1B& PERESRE in the second image capturing process,
and can derive the pobitibithojuginestatiount acesrateld oy takinekmopdensidaratioawsiby adding not
oy the TR s i aten ARk de e ARt SSITANIAT UL ASO0T]
in the learning method for the article trapsport facility . accordin e present invention,, wi e firs
oarm LR, 55 SRR fieaians e a it %%er%%%r B GBS S8 on learn
assist memisar R mplethegenltisls stoppet RaaqBfgEIETOD p@é}ﬁoﬂ}%ﬁﬁ&»ﬂgfmé@w%rtion
adjusted to gaetsbanddidradiusiroeatpesifen Hygpoieansabihersidachidng motal 3B8jasgtihe rotating
driving mot t Te]aTale] i ormed.j icht ri ion,4 isyrai ¢k Jowered
such that th%@g&%%?gg%gﬁg%ﬁ%ﬁ%geﬁr B%Iggggy a%chg%ﬁrggﬁ?é%%tléﬁ%éeiﬁgﬁggé assist
member 425APRPERBPIOPEIMNNG $88F s performed, a first imaging step is performed in which the
cameZ® 51 is 10 caused to capture the image of the detection mark 47, and the reference position
deviation amQg the Aorizepial dkggtignetween the imaging reference position and the detection
mark 47 is derived based on the image information captured in the first imaging step and a first
deviation amount calculating step is performed in which position adjustment amount is 15 derived from
the derived [4&@nce position deviation amount. And if the reference position deviation amount
derived in the first demx?éiq;}é@@ﬁ?nirﬁaéﬁlgleﬁrr\]_@aﬁaerﬁbéa:{_ﬁs@atsdgeéhfeﬁ@héalgr@ﬁ?}c@%ﬁi ta% N
positigping £orrecting step is performed.. i ich the slide.driving mator 28 and the rotating driving
o035 i A R a8 Soter BF R Sl o |Sa 20at Bago S B on tre
movement SHpstEERElaREOFRGERYdaBHERS gt the image information captured in the first imaging
step. And after the positioning correcting step is performed, a second imaging step is performed in

which the Cﬁ”@%@}%ﬂfﬁ‘f@f@ tg ﬁgj&gﬁtﬁ%w%%m@%‘%?n mark 47, and the reference
I irectl t

position deviation amount in the 25 horizonta on between the imaging reference position and
the detection mark 47 is derived based on the image information captured in the second imaging step
and a3€ecomad0d&tiation amount calculating step is performed in which position adjustment amount is
derived from the detiyed| rpfanencg Resitigndeviation amount and the movement adjustment amount.
3 Vehicle
4 Grip Portion
5 Article (Container)
35 7 Transfer Support Portion (Station)
24  Vertical Movement Means (Vertical Movement Mechanism)
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30 [Alternative Embodiments] (1) Although all of the lateral width deviation amount, rotation deviation
amount, and the fore and aft deviation amount are derived as the reference position deviation amount
in the embodiment described above, any 35 one of the three, for example, may be derived as the
reference position deviation amount. And a horizontal direction along which the reference position
deviation amount is derived may be changed as appropriate. [00741 (2) Although the retry
process in the embodiment above is performed after performing the positioning correcting process, the

5 positioninggcorrepling piooess cal GRS RS TRIRRARS R KRN RSASR lieH the grip portion 4 is
raised by the _set amount (f 7 3).1In gr?ztj)odiment described above,

or example, 30mm). [Q0751. (3) e
the learning®ontrof ARREAE Mlﬂé%ﬁ%&géﬁﬁ R EBRLERg erive the movement 10
adjustment 42nounDierenteodingaind defoctioeamankeFiosthbcenekofi fieldlomeed of the image from
the referencgypositiqi gewWation ameysh degveshin the firshdeatinpamaynt calculating process.
(4) Althg)ug ,?1 statj nt7 as lﬁedkas an example of the transfer support portion in the embodiment
described abbve, when atfitie sgbrpport 15 portions are supported and suspended from the ceiling
under a guiéé rail ém&g%ﬁvﬁﬂéﬁm@aﬁn@@%upport portions may also be the transfer support portion.
Therefore, the transfer support portion only needs to be an object to which the vehicle 3 transfers an
article to, and various kinds of article support portions may be used. 20 INDUSTRIAL APPLICABILITY
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[00761 The present invention can be used as a learning device and a 25 learning method for an
article transport facility used in a clean room, or in other article processing facilities, etc.
DESCRIPTION OF THE REFERENCE NUMBERS 30[00771 2Travel Path (Guide Rail) 3Vehicle 4Grip
Portion 5Article (Container) 35 7Transfer Support Portion (Station) 24Vertical Movement Means
(Vertical Movement Mechanism) 28Position Adjustment Means (Slide Movement Mechanism)
35Position Adjustment Means (Rotating Driving Motor) 42Detected Member for Learning (First Learn
Assist Elemepti fhgleearn Assist Element (Second Learn Assist Element) 5 47Detection Mark
51Imaging Means (Camera)

[1] A learning device for an article transport facility, the learning device
comprising: a vehicle configured to move along a travel path, and having a
5  grip portion for gripping an article with the article suspended therefrom,
vertical movement means for raising and lowering the grip portion
with respect to the vehicle,

position adjustment means for adjusting a position of the grip portion
horizontally with respect to the vehicle,

10 wherein articles are transferred to and from a transfer support
portion located below the travel path by raising and lowering the grip portion
with the vehicle stopped at a target stop position in the travel path

characterized by

a first learn assist member configured to be attached to the transfer

15 support portion and having a detection mark for indicating a position
corresponding to a target transfer reference position in a horizontal direction
for the transfer support portion with the first learn assist member attached
to the transfer support portion;

a second learn assist member configured to be gripped by the grip

20 portion and having an imaging means for capturing an image of an area
below the grip portion to capture an image of the detection mark with the
grip portion gripping the second learn assist member;

learning control means for controlling a travel operation of the
vehicle, a vertical movement operation of the vertical movement means, an

25  adjusting operation of the position adjustment means, and an imaging
operation of the imaging means, and for learning a position adjustment
amount in the horizontal direction when raising and lowering the grip
portion with respect to the transfer support portion with the vehicle stopped
at the target stop position with respect to the transfer support portion;

30 the learning control means is configured to perform:

a positioning process in which the grip portion is raised or lowered to
position the second learn assist member gripped by the grip portion at the
target height with respect to the first learn assist member attached to the
transfer support portion, with the vehicle moved to the target stop position

35 for the transfer support portion, and with the grip portion adjusted to a
standard adjustment position by the position adjustment means;
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CLAIMS [11 A learning device for an article transport facility, the learning device comprising: a vehicle
configured to move along a travel path, and having a 5 grip portion for gripping an article with the
article suspended therefrom, vertical movement means for raising and lowering the grip portion
with respect to the vehicle, position adjustment means for adjusting a position of the grip portion
horizontally with respect to the vehicle, 10wherein articles are transferred to and from a transfer
support portion located below the travel path by raising and lowering the grip portion with the vehicle

stopped at a target StRpPOFILoR %B}%Hﬁé%?@éé‘s%Hﬂfﬁﬁﬁ?éﬁ%ﬂ§ﬁx?a%ﬁ§f§%%ﬂ§§§w&@??r L
configured to be attached to the tra{nsferjsrsupport poﬁéogf%r%d ha\tung a detection mark for indicating

a position cHre3PBHSIrFIdRA8RRt {ARGaFFERYR RS e AEIBA ARG RSP RIPfhe transfer

support portiopcasth the first learn assist member attached to the transfer support portion; a second
learn assist membes qeRfiowd4ebE arRReRHbY-the BriR20 prsian ard haying animagingmeans for
capturipg an |m%\%e OJ an grea below tr%e. nﬁlg rtion to tcalpgrjre gn mggg of thet etection mark with
the gri§ porﬁSﬁlgl |Bp|ne§7 e QBRI arA asSist memBe T EAr I|1ng controt me%rlllsnfaoglggntrolling a
travel operafderenteenashics aefertdalmmoveniettadpestdion vlemeave tba dsdoerentmekns, an 25
adjusting operasir&l hiesp@Tionadivsinienhnsensspidad imagiedepeiaigpeotdpedmaging means,
and for learping & posiion.adisimensamennt ndhs harzonial diresian whsniaising.and owering the
grip portion'with respect to the transfer support portion wit the vehicle stopped at the target stop
position Witﬁ?%@ﬂ&%vﬂﬁélﬂ%ﬁé@%bﬁd} portion; 30the learning control means is configured to
perforro: a posiiopisgtprones scisrveeidh ghe@idpgsoitiowvisi chisdtbop tsitésad 4djpesitienthe second

learn assistnembelasipheddy thegrRRotignatite ireRt Nelahhwithdesnech e he firstjearn assist
member atgéh%g to thé transfer support portion, with the vehécé%, m%;/ d to the target stop position 35
P 0 Y6 B%?s

for the tran BB ARSY ARG iR IRE Ho AT WB fiidafd a “osition by
the positioninfijustateen menhsred inathirstinsbgencegstoandprowe sy dcashic teirelgirgeneans is
caused to capiuRRMEVaAsef thadatedianvaarinafler Resionpingtioe ReseRINLFQTAS S

15  process falls outside a set tolerance range;

a second image capturing process in which the imaging means is
caused to capture an image of the detection mark after performing the
positioning correcting process; and

a second deviation amount calculating process in which a reference

20  position deviation amount in the horizontal direction between the imaging
reference position defined in the center of field of view and the detection
mark is derived based on the image information captured in the second
image capturing process to derive a position adjustment amount from the
derived reference position deviation amount and the movement adjustment

25 amount.

[2] A learning device for an article transport facility as defined in claim 1,
characterized in that the learning control means is configured to derive the
reference position deviation amount derived in the first deviation amount
30 calculating process as the movement adjustment amount in the positioning

correcting process.

[3] A learning device for an article transport facility as defined in claim 1,
characterized in that when the reference position deviation amount derived
35 in the second deviation amount calculating process falls outside the set

tolerance range, the learning control means is configured to perform again
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a first deviation amount calculating process in which a reference 5 position deviation amount in the
horizontal direction between the imaging reference position defined in a center of field of view and the
detection mark is derived based on image information captured in the first image capturing process to
derive a position adjustment amount from the derived reference position deviation amount, and 10a
positioning correcting process in which the position adjustment means is operated to adjust a position
of the second learn assist member based on the movement adjustment amount derived based on the

image inforpation Gantured inhe fiskimANS CARENG RioGSSSa fdne iRt Enes RRsilon deviation

t
amount deri\éed in the fiast deviation amount calculating 15 process alf)s utside a segtolerance range;

a second ini2§eSEEPATAG PRI AN HIHCHEHRARGAT SRS i¢ R L 4 SeEAb et AR irAkge of the
detection mabkafterperfodriiog the posttiomid) dorrecting ¢rofess) em tihe second devaioramount

calculating RIAEESE thMhICH i £8ieHREES RANASIIOPALMATIN QMo N Benhriz@Mahdygction
between the imaging reference position defined in the center of field of view and the detection mark is

derived based on the image information captured in the second image capturing process to derive a
position adjltelsraniagdrvieetfierdenvad idtetense putitfenititviasonefinedritankiine ovement
adjustment dinameurize Rir\tiearning siaviserferdoariciettransperifesiiticassbtvoedjotlaim 1,
characterized [p bt dhelearnina.conial mespsib sRnfiqured iadeie e eisrenge Rqsiion deviation
amount derived In the first v% on amount 30 calculating process as the movement adjustment
amount in tREHERiLBHIG st etiBoptie s o) aveEHsRbFaviva o raspsridie thm¥pbitkacility as

definddin cfaidh 1, characterized in that when the reference position deviation amount derived 35 in

the second deviatioghamoyp cRiculaling Progsss fRIIS AHiSidee S&idpICERACE: RPIE wWhgIearning
control meaps is configured to perform again . the positigning carrecting process, the second image
capturing pfEeeat YhdTRoESHa 9%3?@%&&%8?& tN%b‘f]gacggg‘fvﬁﬁH {%“a H&hat an
abnormal comglitionniththeceuagh sefierahes pbtihion tha detonthtioviation esuansaladlating process

has been peHormes:exeeeds-at REfRIttash RHAbeErficid] Aitapaing.dayvigr fakaa-adiclensarsport
facilit;t/l gs d%firaec{ﬂ}n clam 1 char?ct%rized in th&t) the Qo ition aﬁjustment meﬁans iza ccmf{gured to
I

adjust a position 0 %hér%?i%liﬁ%rtfgn oﬂ%n%ﬂﬁ} i 8 18teral direction of th8 Vehicle and o Totate the grip

portion abo8fPvatidal Ak (st rdeprrtiantenaHiticaloudnting process and the second

deviation amount calculating process.

[5] A learning device for an article transport facility as defined in claim 4,

20 characterized in that the learning control means is configured to derive a
fore and aft deviation amount in the fore and aft direction of the vehicle
between the detection mark and the imaging reference position as the
reference position deviation amount in the first deviation amount calculating
process and the second deviation amount calculating process, and to

25 calculate the position adjustment amount if the derived fore and aft
deviation amount is within a set tolerance range, and to determine that an
abnormal condition has occurred if the derived fore and aft deviation amount
falls outside the set tolerance range.

30 [6] A learning device for an article transport facility as defined in one of
claims 1-5, characterized in that the learning control means is configured to
cause the imaging means to capture image of the detection mark a plurality
of times in the first image capturing process and the second image capturing
process, and to derive unit image deviation amount data which show the

35 amount of deviation in the horizontal direction between the detection mark
and the imaging reference position in each of the plurality of images in the
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the learning control means is configured to derive a lateral width deviation amount in the lateral
direction of the vehicle between the detection mark and the imaging reference position, and a rotation
deviation amount in the direction of rotation about a vertical axis between the detection mark 15 and
the imaging reference position as the reference position deviation amount in the first deviation amount
calculating process and the second deviation amount calculating process. [5] A learning device for an
article transport facility as defined in claim 4, 20 characterized in that the learning control means is

configured to,derive 3 fare andhattdeyistion amauakiithefareand.aftdracianelingystigle between
the detection k and the imaging referen;:@e{gosmog as th%ref(\a}rgﬁce pQsition dewﬁtlon amount in

the first dewh. AHRINPEATESRatRG Prde <& thelatR ofiBtevidtlon AURInARalEHEE Y Drocess,

and to 25 calealsite ¢heepositiogadiysteneoviag clatkifftivevderive thferéeamat afth deviation frblsunt is

within a setjgleiarcerapgecavd Eﬁ@féﬁf@i@@n@%ﬁgégﬁ%ﬁ‘g‘kﬁ@TMHPQI@S&C&H{E%%EQ&E derived
learning dev‘]c?g nfor an

f ft iati t fall tside th t tol . 30 [6].
articlo BansAOHTAINy SCUBRrAtH i BRE oF ARTACE &1 EvBPALIEI el G A

v
niNng control means

is configurediteatisk thcetindaging theardareaaptnpsinay dofitHeotetdrtdvon mbaxapretisf of times in

the first image eagieding roeess ahd the secancumageateaituingtprogess cnehigaies e dsiit image
deviation an legéiata which show the 35 amount of deviation in the horizontal direction between the
detection mar ang'the imaging reference position in each of the plurality of images in the first
deviation amount calculating process and the second deviation amount calculating process, and to
extradtdatd Thak fedhwithig dleeiffe dfivesmeastichenanhange Bycidgimovisgldfiteetbrinviiehrtha deviation

amount fa"%ﬁ%t%@%&%%ﬁ@ﬁ%l%{ﬂ%%ﬂwWﬁ&%@&ﬂ%@ﬁaﬂd%@i&ﬁ@'%Hf unit image 5 deviation

amount data, and to avérage the pIuraIitfy of unit image.deviation aggo nt data to derive the reference
10

position deviation aStTEF PAVABEP bRt AR me aBsi e G ter than or
equal to a g yeitibel mofEntelebnfibigedavice fotian artidieraswapde tuilivglskefined in claim 1,

further comprising: fREHANY QRETRIRH HAMBARFLIN B AR confiRiticdl fHavament amaupt detection
meang for detecting an amount glaeicacmoyement of the arie pqion with feepseL to e yehicle,
position to the target transfer height with respect to the transfer support
portion with the vehicle stopped at the target stop position for the transfer
support portion and
when a learning mode is ordered by the manually operated command
20 means with the second learn assist member gripped by the grip portion, the
learning control means is configured to perform a lowering process in which
an operation of the vehicle is controlled to stop the vehicle at the target stop
position and in which an operation of the vertical movement means is
controlled to lower the grip portion at a set lowering speed, and to perform a
25  lowering amount calculating process in which a target lowering amount is
derived, based on detected information form the vertical movement amount
detection means at a time when contact detection means provided to a
bottom of the second learn assist member detects that the bottom of the
second learn assist member contacted the transfer support portion during
30 the lowering process, and
wherein the command means is configured to switch between a
command state in which an increased-speed lowering command is issued to
the learning control means to lower the grip portion at an increased lowering
speed which is greater than the set lowering speed and a non-command state
35 1in which the increased-speed lowering command is not issued, and

wherein the learning control means is configured to control an
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wherein the learning control means is configured to learn a target 15 lowering amount when lowering
the grip portion from a reference raised position to the target transfer height with respect to the transfer
support portion with the vehicle stopped at the target stop position for the transfer support portion and
when a learning mode is ordered by the manually operated command 20 means with the second learn
assist member gripped by the grip portion, the learning control means is configured to perform a
lowering process in which an operation of the vehicle is controlled to stop the vehicle at the target stop

position ang jawhigh ap ARELRANeR O MGVERIGA HUGTETh EARSIS CRMRleAdq lews e arip
portion at a_set lowering s%eﬁg and to perform a Zal wering amount calculating pbﬁi&ss in which a
e

target lowe i EBLPRE e HvERe BRSERASH LERIAE d ST S TORE Bk e iEuP th&Ve ¥t amount
detection meansatal timrenderheonthetldetectienimesess prdddegl perddrotet of the second learn
assist member detects that the bottom of the second learn assist member contacted the transfer

support portign during 30 the lowering process, and wherein.the command means.is ¢onfigured to
e Botari BT ATEIAS MG A R 0sa o e EOHR LA Bt to the

learning costioraséeriged lowerahdhgitepsnios soabricrecsed lswerifigerrbionditrimbreater than

the set lowehng speethabenalofsadmivand sadecshevhicthid e mereasdesppeadliswating command
s not issue, gnd whereiL g Isaraing cenirol peans 5 sonfiguree(o.capifal an, gperatian of the
vertical movement to lower the grip portion at the mcrease%l}owerlng spee #lthe mcreasecf-speed
lowering coflfiRehIPR: rasasd @)ﬁ%ﬁ@%mm rh@%fﬁé‘b\ﬁfeﬂ%é%miﬁ%aﬁfbé‘é%sfs%@ﬁﬁ‘@%rformed.
5[8] Allearniriy dexibe doroartarticle transport facility as defined in claim 7, characterized in that the
learning control means is configured to determine that an abnormal condition has occurred if the

increased-speed lowering commangd has been jssued by the command means when the contact
detection n?gﬁrlg L@E@@% Wl%ebrtﬁ’foﬁ?oﬂﬁg emﬁﬁfﬁggwm%%& 2 contact.
[9] A learnird aeadterigedniartiblettritrspormiacitity asadefinas rpolkgnredcharavtdiketoirttieat the

command ragaf 4% 8QRHEEISH donsuiiGRIte SBLGMMBARESHIErRY R BaRkakeRRIBRP AT operator
for sv\ﬂ'l;ochin% from the %g &og—t%%nmcand ﬁtgte to the ¢ m?aqd state]dand to I‘ettllilll‘_ﬂ totthe

ONn-co t comman sfate, ..a O T 0 _the
non-commanc{ls(faf]éugy a release of '[?18 manua(l)l operation for SWI'[CHIng *rom ?he non-command state to

the comman@teesrnpeaidastedening dsolea orodrt hetiela iksrspoer fdedyfon HeHeddng Hirarof the 20

claims 7-9, gharastesadaintialtte karhingoeanteal dngans.is configured to perform a grip portion
raising process in which an operation of the vertical movement means is controlled to raise the grip
portion at a eﬁ raising speed which is greater than the set lowering speed when raising_the grip

portion to t &é%ﬁﬁ&&&%%@eﬁ%‘i&%%@éﬁéﬁ?“ facility as defined in one of the

20 claims 7-9, characterized in that the learning control means is configured to
perform a grip portion raising process in which an operation of the vertical
movement means is controlled to raise the grip portion at a set raising speed
which is greater than the set lowering speed when raising the grip portion to
the vehicle stopped at the target stop position.

25
[11] A learning method for an article transport facility comprising a vehicle
configured to move along a travel path, and having a grip portion for
gripping an article with the article suspended therefrom; vertical movement
means for raising and lowering the grip portion with respect to the vehicle;

30 position adjustment means for adjusting a position of the grip portion
horizontally with respect to the vehicle; wherein articles are transferred to
and from a transfer support portion located below the travel path by raising
and lowering the grip portion with the vehicle stopped at a target stop
position in the travel path, the method comprising:

35 a positioning step for raising and lowering the grip portion to position
a second learn assist member at a target height with respect to a first learn
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25 [11] A learning method for an article transport facility comprising a vehicle configured to move
along a travel path, and having a grip portion for gripping an article with the article suspended
therefrom; vertical movement means for raising and lowering the grip portion with respect to the
vehicle; 30 position adjustment means for adjusting a position of the grip portion horizontally with
respect to the vehicle; wherein articles are transferred to and from a transfer support portion located
below the travel path by raising and lowering the grip portion with the vehicle stopped at a target stop

position in tQ?sﬁ"s%Vﬁlé}ﬂﬁbﬂ%‘%ﬁ%ﬁ'éadtSOmBr&ﬁﬂsf%?%ﬁsﬁ%ﬂnﬁlﬁﬁﬁﬁp O FI109-R0¢ foweTing the

grip portion to position a second Je n assastmrt%ber at a‘target height WI%I‘GS ect to a first learn

assist memPEFSHILHEPES Hdar éP {5 dsR WMRH%B%@P%&% Feittached to
the transferrseppeet pertiorg thddisttioarmassisomeriverthayiagestetectiorrespdfbmigdicating a

position COVf@?g@P%&&%@ W@EH@@%@&@B‘%{ qRCe PRI 1A 1a1eEZeBtAkgr %ﬁ%ofk&?{s%@ transfer 5
suppor{; portlon Wl%h the ltt% ﬁl\%)pllrfl the second]!?arn assfﬁt membe({ iiawr}é; ma&pg means
for cap urlna q hadet th % or?longio %&gre a |§ﬁ§%e of the defetidn mark,
with the vemw@%t@pb@d’mgnmgga @t@@p@é‘mﬁamwmm@p@s&&m@fqn@gﬂ@ peleivnthejusted to a
standard adg!elﬁirqﬁﬁ%i?ﬁﬁlﬂ@fbbwhﬁlﬁép@ﬁlti(ﬁlﬂa@@uﬁtfﬁﬂ@td&éﬂﬁéﬁsmarka firhmageveantlsing step for
causing Ine-{URAIND DA 0 GAPWIS NITIAGS o JRIRCUop. A AlP Re o Mg g positoning

step; a first lon amount ¢ step for erlvm a reférence 15 positi ation amount in
the horlzon?dﬂﬂi?é%ﬂoﬁobé‘m%éﬁ@ﬁé%%‘é] @tféf‘é}éri%%s IQRiodehse @IS BN RBYBHRIBIYT view and
the ddt@ctiomeaark based on image information captured in the first image capturing step to derive a

position adjustmentarount;ip the h@iﬁﬁﬁtﬁlg"r&‘é‘fﬂfé’i‘“@&défﬁ%‘%ﬁ%'Q‘Pf?o{giﬂéh%ﬁfé%@%o” with
respect to the transfer support pg tl(ﬁsvgch the vehicle stopped at he target stop posmon for the

transfer sugSHt SN HBREhE HdRGeds e ddSHBH teRSt 16 RPSIHNORIBESitioning

correcting stegpfor operating the position adjustment means to adjust a posmon of the second learn

assist member basgd mthaév%mﬁ@txﬁ@iﬁ%%mﬁmﬁgt Serivadibased anthe imrgeraformation
25 ca?[éured in the fir t|m e capturln% stege £n the rga? nce osnf:)on dewatcﬁn amount derived in
ste

0s1tion etween
the first deviation amou ]tacéfcufgpng s ou & e b sef 10 erance rang §c d image

capturing skgieERRe BRI HRA ifedtieg h@e&r@lﬂé@a@m@léwﬁﬁa@é efl#uélmeﬁ@@ﬁ@hlmamaaﬂser
performing Bis@dsitoninge30iedoiestitip steaptured Secohd deviaiiomameuptgalculatisg step for

deriving a fafe[%c me‘ng%Q ﬁ?%@?&%@ﬂﬂﬁ H?é'ﬁ‘q&?f%&%ﬁc&ﬁ%&?é‘%ase §Anaging

reference posmon ina enter view and etection mar on image

information EaltEAs he SEEBRPTHARSIEDARTGEdp tH3brasmier S PBRRISPaaH e Pamount
from 2@ detivedvidiarkncequsition tdebhiatitnr gatostimnb st anoferm ené aidjastfeentamourtt.

portion from the derived reference position deviation amount, and

a positioning correcting step for operating the position adjustment
means to adjust a position of the second learn assist member based on the
movement adjustment amount derived based on the image information

25 captured in the first image capturing step when the reference position
deviation amount derived in the first deviation amount calculating step falls
outside a set tolerance range,

a second image capturing step for causing the imaging means to
capture an image of the detection mark after performing the positioning

30  correcting step;

a second deviation amount calculating step for deriving a reference
position deviation amount in the horizontal direction between the imaging
reference position defined in a center of field of view and the detection mark
based on image information captured in the second image capturing step to

35 derive a position adjustment amount from the derived reference position

deviation amount and the movement adjustment amount.
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[12] A learning method for an article transport facility as defined in claim 11, further comprising:
manually operated command means, and vertical movement amount detection means for detecting an
amount 5 of vertical movement of the grip portion with respect to the vehicle, wherein when a
learning mode is ordered by the manually operated command means with the second learn assist
member gripped by the grip portion, a lowering step is performed for controlling an operation of the
vehicle to stop the vehicle at the target stop position, and for controlling an 10 operation of the vertical
movement means to lower the grip portion at a set lowering speed, and a lowering amount calculating

step is perfor or deriving a target lowering amount based on.detected_ infoymation form the vertical
movement ilrﬁleﬂ%@aﬁ)mmﬁaf 4% r%tkfv??eW%BﬁPé’&tféfé%ﬁ&ﬁﬁg%ﬁlﬂé%{&}ial@d% Hpottom of
the second fleatheassish presnber weteuts hapesatelxomomafdhesecsnaidarn assist member

contacted the trans{gr $i4ap Rt duHnaLNe devRing steh AN ehwheieitthe sammangmeans is
configured t swigcch etween a con%%ﬁ:\nd state in.which ?1” increatsgd- e%llmfvering command is

issued {0 th® I‘é%anli%ag cI:I(IJIOer%IPr%%% 510 IGWer H%té irrl)‘gcl)tr oy AN |r?ctfegi\é fgv(\?ering speed which is
greater than the sefd\weging2hespacgaritiagnoredo immaddrsdtbyntihienmealrrenseatepeed
lowering cogamangia nabissueditanthe sevdiricitnan epRetationsahihe aiigaldneyemerntdpcontrolled
to lower the gip porton &, e, pcteased Ivering. sRest e lasreased:spoeth iguerijoyggmmand i
issued by the comrhand means %e the owering step 5 s eing performed. .
vehicle to stop the vehicle at the target stop position, and for controlling an
10  operation of the vertical movement means to lower the grip portion at a set
lowering speed, and a lowering amount calculating step is performed for
deriving a target lowering amount based on detected information form the
vertical movement amount detection means at a time when contact detection
means provided to a bottom of the second learn assist member detects that
15 the bottom of the second learn assist member contacted the transfer support
portion during the lowering step, and wherein the command means is
configured to switch between a command state in which an increased-speed
lowering command is issued to the learning control means to lower the grip
portion at an increased lowering speed which is greater than the set lowering
20 speed and a non-command state in which the increased-speed lowering
command is not issued, and
wherein an operation of the vertical movement is controlled to lower
the grip portion at the increased lowering speed if the increased-speed
lowering command is issued by the command means when the lowering step

25  1s being performed.
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