METHOD AND SYSTEM FOR OPERATI NG AUTOVATI C GUI DED VEHI CLE BACKGROUND OF THE
| NVENTI ON The present invention relates to an automatic gui ded
vehi cl e operating method and an automati c gui ded vehicle operating system
that allow a plurality of automatic guided vehicles to travel along a path.
In the follow ng description, the automatic guided vehicle will be to
hereinafter referred to nerely as AGY, The AGV operating system di scl osed
by Japanese Patent Application Publication No. 2004-252631 includes a
plural i t ywefTHOBAND SYEEFQ FORMPERATING I ITROMITI6EYSIBED EHICUETEd, a
plurality of unit traveling zones arranged between the stations and form ng
a traveling path along which the AGVs travel, and an AGV control unit for
control ld i AGVs. In the traveling path having

poi nt cﬁé&@ﬁ%ﬂﬁﬁeﬁﬁgﬁ%?ﬂg%ﬁﬁ?*@{ﬁ¢h ersection, the AGYs need to be
controlled carefully so as to prevent collision of the AGYS. In order to
avoi d such col lision, AGV may be required to wajt far anotrer AGY to pass
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i ncl udesofauytbmatic guidedfveh@iss tohizavedaorg 4 padkd to travel along a path and a
gantry crane (loading unit) that perforns | oading and unl oadi ng of cargos
bet ween the AGVs and a containership. Due to the operating tinme varying
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The loading system disclosed by Japanese Patent Application
Publication No. 2007-320364 includes a plurality of AGVs that are allowed to
travel along a path and a gantry crane (loading unit) that performs loading and
unloading of cargos between the AGVs and a containership. Due to the

operating time varying depending, e.g., on the loading locations (or loading and

o
o

unloading locations) of containers in the containership, a situation may occur that
the loading unit cannot start the loading operation at the scheduled loading start

time.

30 The present invention is directed to an AGV operating method and an
AGV operating system according to which waiting of an AGV at point of merging
and/or point of intersection of the traveling path is forestalled.



In accordance with anther aspect of the present invention, the automatic
gui ded vehicle (AGVY) operating systemconprises a plurality of AGY/s, 20 a
path and a controller. The AGVs are allowed to travel along the path. The
path is divided into a plurality of sections. The sections have a starting
section fromwhich each of the AGYs starts to travel and a destination
section at which the AGY arrives. The controller controls the traveling of
the AGVs. The controller includes a first tinme setting device, a second
time setting device, a data-storage device and an AGV traveling control
device. The first time setting device sets scheduled tine of arrival at

whi ch t hEUAMMARY ©6 Tl INVENTIOMN destination section. The second time
setting device sets schedul ed tines of passage at which the AGV is to pass
t hrough the respective sections in the path fromthe starting section to

t he desti nati onnsebrddhceowith ih Baped off thehsresehemveation, i the &ftoaiaticval . The
sett i5ng SLidEeg%eﬁ%?eeg&%ssjoéjag?i%g%etﬂgg ?r?c Sdéssthm‘gﬁ}ovivirr]\gosiedpesrof allowing a
plurality of AGVs to travel along a path and dividing the path into a plurality of
sections. The sections have a starting section from which each of the AGVs
starts to travel and a destination section at which the AGV arrives. The method
further includes steps of setting scheduled time of arrival at which the AGV is to
10 arrive at the destination section and setting scheduled times of passage at which
the AGV is to pass through the respective sections in the path from the starting
section to the destination section, on the basis of the scheduled time of arrival.
The setting of the scheduled times of passage is made in order that is reverse to
order in which the AGV passes through the respective sections. The method
15 further includes a step of controlling the traveling of the AGV in accordance with

the scheduled times of passage for the respective sections.

In accordance with anther aspect of the present invention, the

automatic guided vehicle (AGV) operating system comprises a plurality of AGVs,

20 a path and a controller. The AGVs are allowed to travel along the path. The
path is divided into a plurality of sections. The sections have a starting section

from which each of the AGVs starts to travel and a destination section at which

the AGV arrives. The controller controls the traveling of the AGVs. The
controller includes a first time setting device, a second time setting device, a

25  data-storage device and an AGV traveling control device. The first time setting
device sets scheduled time of arrival at which the AGV is to arrive at the
destination section. The second time setting device sets scheduled times of
passage at which the AGV is to pass through the respective sections in the path

from the starting section to the destination section, on the basis of the scheduled

30 time of arrival. The setting of the scheduled times of passage is made in order
that is reverse to order in which the AGV passes through the respective sections.

The data-storage device stores data on the scheduled times of passage for the



that is reverse to order in which the AGY passes through the respective
sections. The data-storage device stores data on the schedul ed tines of
passage for the respective sections. The AGV traveling control device
controls the traveling of the AGY in accordance with the schedul ed tines of
passage for the respective sections. 5 her aspects and advant ages of the
invention will becone apparent fromthe foll ow ng description, taken in
conjunction with the acconpanying draw ngs, illustrating by way of exanple
the pringkpb&ietdediBRs. MYRE WP trdvBlifd cORPSIRIEIEOoiroisHRe RRAVIMNSST 10

The invention together wth objects and advant ages thereof, may best be
under st dbel AGVrisfaacerdamceonitthéhe sthediled tiascel passageofor tihe reapestve | v
preferred ﬁn‘oodi ments together with the acconpanyi ng drawi ngs i n which:
15Fi g. PEHOSschematic vi ew showi ng a | oadi ng systemincluding an AGV
operating system according to an enbodi nent of the present invention;

Fig. 2is a fr%ﬂrrentary Vi ew showi ng a Path_al ong whjch a plurality of AGVs
in the | oadi ng@her aspests @ng. advantages ot the) invention will become apparen

from the following description, taken in conjunction with the accompanying

drawings, illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

10
The invention together with objects and advantages thereof, may best
be understood by reference to the following description of the presently preferred
embodiments together with the accompanying drawings in which:
15 Fig. 1 is a schematic view showing a loading system including an AGV
operating system according to an embodiment of the present invention;
Fig. 2 is a fragmentary view showing a path along which a plurality of
AGVs in the loading system of Fig. 1 travels;
20

Fig. 3 is a configuration block diagram showing the loading system and

including a functional block of a controller of Fig. 1;

Fig. 4 is a fragmentary view showing the traveling path of Fig. 2,
25  wherein the traveling path is divided into a plurality of sections;

Fig. 5 is a flow chart showing steps of procedure performed by an AGV

control device of the controller of Fig. 3;

30 Fig. 6 is a flow chart showing steps of procedure performed by a

loading schedule setting device of the controller of Fig. 3;



Fig. 3 is a configuration block diagram show ng the | oading system and

i ncluding a functional block of a controller of Fig. 1; Fig. 4 1is
a fragmentary view showi ng the traveling path of Fig. 2, wherein the
traveling path is divided into a plurality of sections; Fig. 5is
a flow chart show ng steps of procedure performed by an AGVY control device
of the controller of Fig. 3; Fig. 6 is a flow chart show ng steps
of procedure perfornmed by a | oading schedul e setting device of the
control |l er of j j t he

| oadi ng operati oﬁ ;7)2? Osrcrpggq atyc \gg\lv%rptorzv;ﬁ@rgen@%gﬁ@ %&ayt?ﬁﬁegsﬁ.@é@gya tinme

t abl e shawaniyyamams ahipige 1pf Ioadlng schedul e; and Fig. 9is a flow
chart show ng steps of procedure performed by a | oading schedul e correction
device of the controller of Fig. 3. DETAI LED DESCRI PTI ON OF THE EMBODI MENTS
10 The Figl 8 ah Rihe/able stessing Ba é@mm@‘@pwa@w s&fedh@?aﬁ@\/ operating
system according to the present invention with reference to th

acconpanyi ng drawi ngs. 15Referring to Fig. 1, the | oading systen1de5|gnated
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of the plozgieny schedald carrection device of the controller of Fig. 3.

DETAILED DESCRIPTION OF THE EMBODIMENTS

10
The following will describe the embodiment of the AGV operating
system according to the present invention with reference to the accompanying
drawings.
15 Referring to Fig. 1, the loading system designated generally by numeral

1 is usable, for example, to load a containership 2 with containers 3 in a port

terminal. The containers 3 serve as the goods of the present invention.

The loading system 1 includes a plurality of AGVs 4 (only one AGV
20  being shown in the drawing) that convey the containers 3, a gantry crane (GC) 5
that loads the containership 2 with the containers 3 on the AGVs 4, and a
controller 6 that controls the operation of the whole loading system 1 including

the operation of the AGVs 4.

25 The AGV operating system will now be described. Referring to Fig. 2
showing a loop traveling path 7 along which the AGVs 4 are allowed to travel in a
single direction, the path 7 includes merging points 7A and branching points 7B.
Each AGV 4 is operable to convey the container 3 from a container storage area
8 to the gantry crane 5. Each AGV 4 has a traction motor that spins the vehicle

30 wheels, a steering motor that steers the wheels, a control unit that controls the
operation of the traction motor and the steering motor, and a radio
communication device that communicates with the controller 6 (each component



The | oadi ng system 1 includes a plurality of AGYs 4 (only one AGV 20 being
shown in the drawi ng) that convey the containers 3, a gantry crane (GC) 5
that | oads the containership 2 with the containers 3 on the AGYs 4, and a
controller 6 that controls the operation of the whole | oading system1

i ncluding the operation of the AGYs 4. The AGV operating systemw || now be
described. Referring to Fig. 2 showng a |loop traveling path 7 al ong which
the AGVs 4 are allowed to travel in a single direction, the path 7 incl udes

nmer gi ng Mib@;nbsg,ﬁ,@q branchi ng points 7B. Each AGY 4 is operable to convey
t he contai ner roma container storage area 8 to the gantry crane 5. Each

AGY 4 has a traction notor that spins the vehicle $0 wheels, a steering
notor that ste
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The gantry crane 5 serves as a loading unit that |oads and unl oads each

cont &i neyantryt Grangyl® hasudl Padp ef aarisal pedsdh rthat isselfop@rslied. ameagant ry
crane 5 i fegyeltl | A t.d I , a
hor i zont%q%gﬁ%r@o%gne@twggaeg f‘ﬁzh?j’p”pﬁed? e%rg% gf tl&%QS %%:ar lclaé(?g'l gggﬁ’ gA for
rzmve(rjrenhmmeem ﬂl’)bée\ﬁm’& e(gnle eEdtdﬁmebbomn% exteedd ababetiee tbetamenstdp ner shi p
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5 has a <PaAdhamthenengsyenda & Vﬁﬁgeti%g}h 58 “@iagd 10 }hee Paply §f§q‘eﬂl.'\e crane
has a crane unit 5C mounted to the boom 5B via a wire rope 5D. The crane
10 unit 5C is adapted to lift the container 3 and movable in the extending direction of

the boom 5B. The gantry crane 5 has an encoder (not shown) for detecting the

current position of the gantry crane 5.

Referring to Fig. 3 showing in block diagram the loading system 1 and
15 including a functional block of the controller 6, a radio unit 9 is connected to the

controller 6 and communicates with the AGVs 4.

The controller 6 has a data-storage device 10, a loading schedule
database (DB) 11, an AGV control device 12, a loading schedule setting device

20 13 and a loading schedule correction device 14.

The path 7 is divided into a plurality of sections and the data on such
sections are set and stored in the data-storage device 10. The time at which
the AGV 4 passes through each section (or the times at which the AGV 4 enters

25 into and exits from each section) can be set and recorded in the section.

Fig. 4 shows as an example a plurality of sections B formed by dividing
the path 7 in the region A of Fig. 2. The sections B may have the same size, or
may have different sizes. The merging point 7A or the branching point 7B of the

30 path 7 is included in a single section B.

Data on the loading schedule is registered in the loading schedule



10 unit 5Cis adapted to lift the container 3 and novable in the extending
direction of the boom 58. The gantry crane 5 has an encoder (not shown) for
detecting the current position of the gantry crane 5. Ref erri ng
to Fig. 3 showing in block diagramthe | oading system1 and 15including a
functional block of the controller 6, a radio unit 9 is connected to the
controller 6 and communi cates with the AGVs 4. The controller 6
has a dat a- st orage device 10, a |l oadi ng schedul e database (DB) 11, an AGY
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devi ce 1dieunibOrfer allqyieadreffa\nédo prYelessi ng and then sends a control
signal to each AGV 4 via the radio unit 9 for allowing the AGV 4 to travel.

15 The loading schedule setting device 13 sets the aforementioned target
operating time and the scheduled loading start time as the loading schedule.

The loading schedule correction device 14 receives data on actual

loading time taken for the gantry crane 5 to perform the loading operation and, if

20 necessary, changes the scheduled loading start time on the basis of the actual
loading time, thereby correcting the loading schedule.

Referring to Fig. 5 showing the steps of procedure performed by the

AGV control device 12 in flow chart, the AGV control device 12 calculates

25  scheduled time of arrival, or the time at which the container 3 conveyed by an
AGV 4 is to arrive in front of the gantry crane 5, on the basis of the data on the
loading schedule registered in the loading schedule database 11, at the step S51.
Specifically, the AGV control device 12 sets the time that is, for example, thirty
seconds before the scheduled loading start time as the scheduled time of arrival

30 of the container 3.

Then, the AGV control device 12 selects one AGV 4 for conveying the



15The | oadi ng schedul e setting device 13 sets the aforenentioned target
operating tinme and the schedul ed | oading start tinme as the | oading

schedul e. The | oadi ng schedul e correction device 14 receives data
on actual loading time taken for the gantry crane 5 to performthe | oading
operation and, if necessary, changes the schedul ed | oading start tine on
the basis of the actual |loading tinme, thereby correcting the | oading
schedul e. Referring to Fig. 5 showing the steps of procedure
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device 12 calcul ates 25 scheduled tine of arrival, or the tine at which the
cont ai neelezted AGY ddhatyis shenavated af a position olesest tothastasage FRS'aBQ’hPf y crane

5 ont basi s of on the | oading schedule registered in the
| oadi ngqﬁﬁﬁ%ﬁ"ﬁer&a%}%é%zéql at the step S51. Specifically, the AGY
control device 12 sets the time that is, for exanple, thirty seconds before

the schedul ed | oading start tinme as the scheduled tine of aryriv 300f the
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shown in evi ce culates the tines taken for

t he 158GV timéo pass through the respective sections B (131 to B8) in the path
7 fromthe section Bl (or starting section) in front of the current
position of the AGY 4 to the section B8 (or destination section) in front

of the gantry @, @aRed&ta B on the sections shown in Fig. 4, the AGV control device 12
calculates the times taken for the AGV 4 to pass through the respective sections

B (B, to Bg) in the path 7 from the section B4 (or starting section) in front of the

20  current position of the AGV 4 to the section Bg (or destination section) in front of

the gantry crane 5.

At the step S54, the AGV control device 12 sets the time of passage (or
the time of entry) of the AGV 4 for the destination section on the basis of the
scheduled time of arrival of the container 3 which was calculated at the step S51

o
1

and also the time taken for the AGV 4 to pass through each section B which was

calculated at the step S53.

At the step S55, the AGV control device 12 sets the time of passage (or
30 the time of entry and the time of exit) for the section that is one section before

the destination section.



At the step 554, the AGV control device 12 sets the tinme of passage (or the
time of entry) of the AGVY 4 for the destination section on the basis of the
25 schedul ed tinme of arrival of the container 3 which was cal cul ated at the
step 551 and also the tinme taken for the AGY 4 to pass through each section
B which was cal cul ated at the step 353. At the step 555. the AGV
control device 12 sets the tine of passage (or the tine of entry and the
time of exit) for the section that is one section before the destination
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4) that is reverse to the order in which the AGV 4 passes through the

respecti 98d$56ti ons. 25 In the data on the sections B shown in Fig.
4, the tinmes at which the AGY 4 passes through the respective sections B8
to Bl are set one after another in this order and the traveling start tine

is sent to the IA@ES4at the atepiB68| the AGVidoatrol aywite 1@ calculdtes iatithe step AGV 4
starts tr L fromt#g starﬁlng section toward . i
e start time of the traveling of the AGV 4 (or traveling start time) from the
time of exit and sends the data on the traveling start time to the above AGV 4 via

the radio unit 9.

20 By taking such steps of procedure, the times of passage at which the
AGV 4 passes through the respective sections in the path 7 from the starting
section B4 to the destination section Bg are set one after another in the order (as
indicated by thick arrow in Fig. 4) that is reverse to the order in which the AGV 4
passes through the respective sections.

25

In the data on the sections B shown in Fig. 4, the times at which the
AGV 4 passes through the respective sections Bg to B are set one after another
in this order and the traveling start time is sent to the AGV 4, accordingly. At the
traveling start time, the AGV 4 starts traveling from the starting section toward

30 the destination section in accordance with the set times of passage at the

respective sections B4 to Bs.



30 the destination section in accordance with the set tines of passage at
the respective sections Bl to B8. In the above-descri bed

enbodi ment, the steps 351 and 357 of the AGV control device 12 cooperate to
forma first tine setting device that sets the scheduled tine of arrival of
the AGY 4 at the destination section that is located in front of the gantry
crane 5. The steps 352 to 355 and S58 of the AGV control ti device 12
cooperate to forma second tine setting device that sets the tinmes of

passage at whi ghitHeiVidsPBed BbdUiRieal the StdRPELhHAY S5TTHhE@ABY N the
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del ays HUGRRINIMECD ATELT THer S9HUR0 of tom driasm bLPRsiads b GAACr8date t he
time of d’rﬁéf%ﬁﬁt & ré\ﬂaﬂ'tsﬁct\%f thd Brg&afh wiHidH itR®- AGV 4 passdshifolidte th&V 4

traveling al ong the pa fromits starting section toward the destination
sectlidon nespéctivet serftionhe Jhatstgp S5 therk@Y enstrohdeviceck2 ang g RRFOAGY 4 to

pass through the nergin oi nt raffijc | A 4 |

f or est al w@s ﬁ;ﬂage,raﬁéo%@%n ?Pa‘gé\}i ﬁ%vgh@%d:%@rgi r?lgb'%&\/@laj ?%Atf)or%\f}gﬁt ed from
decr easitgveliRg dhthe NG PPN ZRPARIAcE Withithe WABs alfnpassagei setpbgvhat ed from
decreasing, accordingly. In addition, since the order in which the

cont ai ne¥ecopddine gettiag dewicegant ry crane 5 need not be changed, the | oading
operation is perfornmed in the sequence of order according to the original
| oadi ng schedule. 30 setting device 13 sets, at the step S61, the target
| oadisng tinme t ghenstepr S5t ef gaatAGV caantel Sevicept2 famms eaddtettiraglidegiceper at i on

fromthe data on the | oading | ocation of the contai 3 in th tai
| baai ng. el RtGTRN3AVBENERar B naIs B Al BV AR St eRB RS tit G ASSA%Rn tho-

| 0adi ng SCARNGY S3APRB%inds of bablifudanbAy e Achave whidd Aagatbeshadi ng
| ocations as shown 1n Fig. 7, the noving distance of the crane unit 5C of
t he gantaljeattyaset f6r aayisestidepelidhe GV conirol daviced 2 detectisoary pMetas

" ond ng DEACY. 0ol HPYER 3 2 el Mot Ay Bef REMe et E3Cr ot on

varigs, a%frssditdHeltime of passage of the AGV 4 for each section.

Since the AGV 4 traveling along the path 7 from its starting section
toward the destination section in front of the gantry crane 5 need not wait for any
other AGV 4 to pass through the merging point 7A, traffic jam of the AGVs 4 is

25 forestalled. Thus, the mean traveling speed of the AGVs 4 is prevented from
decreasing and the transport capacity of the containers 3 is prevented from
decreasing, accordingly. In addition, since the order in which the containers 3
arrive at the gantry crane 5 need not be changed, the loading operation is
performed in the sequence of order according to the original loading schedule.

30

Referring to Fig. 6 showing in flow chart the steps of procedure
performed by the loading schedule setting device 13, the loading schedule



10 As shown in Figs. 7 and 8, the loading tine is the sumof the
time taken for the container 3 to be transferred fromthe AGV 4 to the
gantry crane 5, and the operating tine that is perfornmed by the gantry
crane 5. The transfer tinme is the tine fromthe nonent when the gantry
crane 5 starts to lower the crane unit 155C fromthe initial position until
the nonent when the transferring of the container 3 fromthe AGY 4 to the
crane nmenber 5C is conpl et ed. The operating time of the gantry

crane 5 iséttihﬁedé\}ié@ 183K&8, HPfnd _'%‘?eg&?@f%\la\%ﬁgf%é %écﬁng?ffirnﬁé){i AMbrapgr ation

ot her than the operation involvin asi carly, e operating tine
of the gganiry ccarené 16 perfartre eachmioddingnopheationrfeorn thaetata loa tharloagingr ane 5

starts t ve t crane.unit 5C for transferring the contaijer on the
cr ane. unfaoon: o TG CHRINTS PolatiomorTRibse Qi HEPPPUIi Ay OhaPBnouse 2
of the cephrinesKipi Pwhidinivele FRstERIEMN thehadingesdhealiR databaSénet rns to
its initial position. If the hatch cover of the containership 2 needs to

r P31;’be Heneoriginersd hayerdifferagt doadingfocaliengy astshpwey iarfdg 57 thelmewsdt he ti ne

taken to e r t : | pery.Loadi ng
war ehousg(sgﬁ‘%\céf of‘ﬂﬂe ggénrté;pﬂfét&:bg tEQ r@\{ﬁfecﬁn\?i %evgrﬁegt]%p&?ﬁ@ gﬁtthér eas
such as ddirvelocatiohd inatheacortainemship Redstindicated lay tvwovarrodB witrddifferentea, an

upper right area, an upper |eft area, an upper m ddl e area. Assuning that
t he whar feNoths,aNY e jasdingsfigge @Feﬁﬁgt@ﬁrﬂa&%&e@r@ﬂ?%t@ metRedording g, 7,

the cont V\gg,%{tioﬁ vaPieBeaddordinggrred to the lower right area of the container
| oadi ng rehouse 2A requir a | onger noving distance of the crane unit 5C

t hanl@ he container 3 to be transferred to the upper left area of the

cont ai ner | oadi war ehopse 2A the operating tinmne h. ntry crane
5T | onger "1 n ARSRRME ALF T, Zand B b 16agRE e G308 IR0t AERRED e
changed fipREEonthiner 8 € bl thalssfefred MONE e AG\LRS6itRe Yaniyeramé endoadi ng
time may al so be changed on the skill of operator who_nani pul ates the

gantry cHenepreratinatigre byt imeedormedAvif aaNtEY, AEANS %n, TRRITRNSIE fiMdSand
rain, unggyyRistdin thE nfREAYWRER B Jahtfy BRMEe §rtstB lower the crane unit

15 5C from the initial position until the moment when the transferring of the
container 3 from the AGV 4 to the crane member 5C is completed.

The operating time of the gantry crane 5 is the time taken for the gantry

crane 5 to perform any operation other than the operation involving the AGV 4.

20 Basically, the operating time of the gantry crane 5 is the time from the moment
when the gantry crane 5 starts to move the crane unit 5C for transferring the
container 3 on the crane unit 5C to the loading location in the container loading
warehouse 2A of the containership 2 until the moment when the crane unit 5C
retums to its initial position. If the hatch cover of the containership 2 needs to

25 be removed, the operating time of the gantry crane 5 includes the time taken to

remove and return the hatch cover.

The container loading warehouse 2A of the containership 2 may be

divided into different areas such as a lower right area, a lower left area, a lower

30 middle area, an upper right area, an upper left area, an upper middle area.
Assuming that the wharf is on the left side of the containership 2 as viewed in Fig.

7, the container 3 to be transferred to the lower right area of the container

.10.



At the step 562, the | oading schedule setting device 13 cal cul ates the

af orenenti oned schedul ed | oading start tine of the gantry crane 5 for each
| oadi ng operation on the basis of the target loading tine set at the step
561. That is, the | oading schedule setting device 13 cal cul ates the
scheduled tinme lo (scheduled transfer start tinme) at which the
transferring of the container 3 fromthe AGV 4 to the gantry crane 5 is to
be started. When the | oading operation Bis to be perforned

subseque(gg vfé]%hb&@éjizﬁg me dzgihﬁ%r rAGvifi Qﬂﬁbhéé ?d thd charie uBit gde

| oadi ng s e setting sets he schedul ed transfer start
time of théawe theaudxntﬁgnerpérmt bertransfgrredido rtgesmpariﬂ?ftﬁeamfsth& centainge t ar get

{ime. of e QURiPHG- e hamne iR ACORIA Pea 36 Vg o3RRS g SRR ing o'

setting il Yoraserkaskegi sters the 25 target |loading tine set at the step 561
and the schedul ed transfer start tine calculated at the step S62 as the
origbnal | oading schedule to the |oading schedul e database 11.

Referring to F h I rfornmed

by the | oadi nglrggngr@%l?go\@dc}rgq «t:ﬂt i Jg%yy e%v?iéqu%ged%&@m& ngﬁé’g@\?H o{?ﬁl@@l oadi ng

schedul eoptdin@shipon. d¥ie deardet |dadiag rtinme snayhatsbebe @hanged tdmetHeostdiI of)

operation has been perfornmed by the antr ran YES at the step 571,
@Wﬁ q?%rs OE"hE1

t he | oadiPfater HeR| BapipHraies itHR @ é’ri'l eac,etnﬁfgpnm%tﬂ?ng time
taken t QoRioRr Sudies WitHaAd raRCLALAicA thd Bantry eRrfdis SMbfaer or not a

Ioadl ng operatfon een per orrre ete e, for exanple, from an
outpot from a | oad-presence sensor mounted to the AGVY 4. The actual | oading

time my be 5 IcuI e er od urin i antr
crane 5yi s ope &‘rﬂjgglIZ g‘ f?é’%ﬁ& I e??h@ga‘%v'#tegq#ﬁ:cﬁp?thg?g ntro?/

| ever i SafS#e%éﬁt%ed schedulee“\tloédlﬁ? sdtem tﬁﬁé" oft e gaaty ngase B dot eachr recti on
device 14 recal cul ates the schedu transfer start tine for the subsequent

| oadi ng lopdingtopstatien onother basis af rthagtargetrioaweg/tmemt @tithe emtI8!-crane 5

the' T ond Y S I e, ShhadiE ks BHER |3 =l MRS BPELARIRa IS ocg) ¥

and 15he (gehédlle@peingfdrrgait itime) dthwhich theadanxersingesfithe camtmnemﬁlfrdmed | n
Fig. 8, when_the actual Ioadln time of tBe | oadi ng operation A was fifteen
seconds hei@M 4tadhe gpgkY crangi ﬂ%qbe@arte e 15 |oading schedul e correction
device 14 sets the scheduled transfer start time for the | oading operation
Bwth a delay of fifteen seconds.

When the loading operation B is to be performed subsequent to the

loading operation A, as exemplified in Fig. 8, the loading schedule setting device
20 13 sets the scheduled transfer start time of the loading operation B by adding
seventy seconds, i.e. the target loading time of the loading operation A, to the

scheduled transfer start time of the loading operation A.

At the step S63, the loading schedule setting device 13 registers the
25 target loading time set at the step S61 and the scheduled transfer start time
calculated at the step S62 as the original loading schedule to the loading

schedule database 11.

Referring to Fig. 9 showing in flow chart the steps of procedure

30 performed by the loading schedule correction device 14, at the step S71, the
loading schedule correction device 14 determines whether or not the loading
operation has been performed by the gantry crane 5. If YES at the step S71,

.11.



At the step S74, the | oading schedul e correction device 14 registers the
changed schedul ed transfer start tine as the updated | oading schedule in
the 20 | oadi ng schedul e dat abase 11. In the above-descri bed

enbodi nent, the | oading schedul e database 11 and the step S61 of the

| oadi ng schedul e setting device 13 cooperate to forma third time setting
device that sets the target loading tine taken for the gantry 25 crane 5 to
performthe | oadi ng operation on the basis of the |oading location in the
cont ai ne setting
dovi ce 1% SAAIBHBHBRE L octon KT, PR acHALSY et fdbodfo TRITEHLR

| oadi ng & aetfo[m rtbedoaMgwperatwrgaattme steanS?B i ¥/ hethart ort Dotparlbadlngt he

| oadi d adi t f the t adi ng tine.
The st opeon Hae ke BSliielis Slethbie S eofoudt sHmb ipeed o ™
cooper at Ratprbgé it BefdrRbuMREBIthE AGVE aRUA&UAI I@Bd%vﬁrﬁé‘ h&beacqui res

the actual loading tinme taken for the gantry crane 5 to performthe | oading
and unl oe@irvigtash&pat thenperok oé tigle dwig arhieththe gadimgranshedsiopesaiedect i on

[ ondi ng AR PISEE bl b A AR e 2o 08 EBBER", o per for m ¢ e

subsequent | oadi ng and unl oadi ng operation in accordance wth difference
bet ween t he tarﬁ&ht}'l | oading tinme and the act ual | oadi ng time
€

gantry crane 5 I$t6R Santhg lepdingetchedylensormsdiondsy '%1/4 FaRi@lates
follow n I Ofh 0 cfgqne 5 is
vari ed vm&dez-:-lsng%lggﬂ ?%ngﬁ sft%]@%lrggn?’rqg eoc%g?%i@?‘g %ﬁ&m@o%?gﬁlép gﬁi n the
cont Hl netransfadingg freanr dheudsGV2A tn‘ tlnemegartbryt araner Shirp agcorans@owith itheFi gs. 7

and 8, al so on . the | | rator V|ron taI on ion such as
i nd andiiararce Rwe (B saosf opdlaaR R sehby M RERk R edie 5Pnd ! ng

oper at i ofleVied 18qtefbpttry st SB1 bMEigs ehaddltes ab%@bﬁ@rafﬁlh%rﬂmé' "R tﬁet as the
original |oading schedule. 15l n the present enbodi nent owever,

| oadi ng 9gHBQuSEade astewmplidierde Fig. §cquheﬂet§1etaféuaiclpa@lng|tuae.qiqheu me
t aken f t d
aken Oogéfﬁgcggg{ﬁtléacﬁ\a\ﬂ sEflfttegpg%Jo‘?{d@b ?lﬁg g% nl'o%ﬁﬁ‘{g ﬂm%pecﬁé‘ ion an

changes t | 'oa tine Seque oadin
operHt i olnaﬂrmgamrmddlm"lcerrmttdm déRﬂcelnﬂfsyterﬂw sbl@éd/lﬂecm tr%lhefeprmetmteafoget

| oadi ng nd the ac ctual _Loadin me. jQ Therefore, the
| oadi ng &‘G?%&PS@W' r"fi ﬁ'aé(tOffh%e%éﬁ Sd loading start time
irrespective of the | oadi ng | ocation of the container 3 and/or the skill of

the operator, so that accurate |oading schedule is obtainable. The present
invention is nditthe l$tQp8874,dheH@a@bg\sehd@lslerdoneati@mﬂeviberémregmer‘srthe he

above-de d t AGY contro] . deyic det ect.s

overl ap %ﬁdﬁ%@ cﬁ@%?qﬁag?fe g%'gg@e f:asctﬁg %tﬁMQ%éc??ﬁ g %assage
of amny Olbbdrng/gaﬂédélevd‘atébaébaw been already set for any section, the AGY
control device 12 delays the scheduled tine of arrival of the container 3

conveyed by the AGV 4 whose tinme of passage was set this time, However, if
L5 s acon o 1 % HESLERAZAE GbAaRI, PUOELARp LhRa(RpgaRILI G covi oo
and the step S61 of the loading schedule setting device 13 cooperate to form a
third time setting device that sets the target loading time taken for the gantry
25 crane 5 to perform the loading operation on the basis of the loading location in
the container loading warehouse 2A. The step S62 of the loading schedule
setting device 13 forms a fourth time setting device that sets the scheduled
loading start time at which the gantry crane 5 is start to perform the loading and
unloading operation, on the basis of the target loading time. The steps S71 and
30 S72 of the loading schedule correction device 14 cooperate to form an actual
operating time acquisition device that acquires the actual loading time taken for
the gantry crane 5 to perform the loading and unloading operation. The step

.12.



The | oadi ng schedul e may be reexam ned every predeterm ned period of tinme
(such as everyday or every week) on the basis of the difference between the
target loading tinme and the actual loading tine for each |oading operation.
Specifically, the |oading schedule setting device 13 resets the target
loading time 5 for each |oading operation, recal cul ates the scheduled start
time of transferring the container 3 fromthe AG/ 4 to the gantry crane 5,
and registers the reset target |l oading tine and the recal cul ated schedul ed

transt ersiél&f %ﬁtlbﬁﬁina‘%cl{%@ﬂe%r}&ﬁgﬁ @@y%@%ﬁsiﬂmﬂ‘nﬁmb%@dé\%@dm e

dat abase s¥case, the accuracy of the loading schedule is further
i mpr ovedhatl@sets the schatitiledugading staretimieatavhiels the pantneotanei hisrie staié AGY

trol devi 12, | oad] hed ' Vi . i
Cehedul dogmriasE HorsMiepABanL P R U g 8 ABANEQRtS, t hose

devi ces dﬁé@.e@@e l%%éﬂ?ﬂlmei BreAGadh g tifRMAPHeS Gualldading time.  I'n the
above-described embodi ment,” no specific consideration I's made of | oading
the container 3 onto a manned trailer. However, when the gantry crane 5

receives a container 3 froman AGV 4 i TRIA rLher after
| oadi ng anot heﬁ@cﬂﬁ"ﬁﬁyng?ng %Wmfﬁ:/'ﬁé"%@%%@iaoﬂ)érréﬁg;&g?a? fe ti %%tct% gﬁéen f or
the 20 gaBtfolowin@NBotbleO TREEIS/ &hantné agdopdraticomif dhaegaritry sramedgdst o t he
af orementioned operating tine of the gantry cra h the

) 5. ) Th
|toLe;se_nt \arieddwidely depensing aedbe| |9@€%9n|qcﬁﬂoea£fgﬂaﬁ GOREAINeS, B HgL@?st em 1
at is . i : d Lk R0 i
stor age STEARE BrbeRRKbusE 2 BOIR EiiaioRals 2 pb BbliR, i FigeTY Shder
i nvte12it In g?, :{%rscfc rag;d ?nﬁabé %k{llopfiobmd:b_ 'mgnsiyrgtmemtahaondiﬁon@@chtﬂ%vvtrld anfload t he
con ) m t he cont aj nersh, i i
<t or age @i the type o7 CRRIEATSBEA- | TSR BrPLoR08 deprvLERY By s
'Cfgf“ngg 5 sdiged hatt tHePadhedlRdUNRAY WRPdImet & akhae ofginal Neading\Vhat
schedule.

15 In the present embodiment, however, the loading schedule correction
device 14 acquires the actual loading time taken for the gantry crane 5 to
perform loading and unloading operation and changes the scheduled loading
start time for the subsequent loading operation in accordance with the difference
between the preset target loading time and the acquired actual loading time.

20 Therefore, the loading operation may be started at the scheduled loading start
time irrespective of the loading location of the container 3 and/or the skill of the

operator, so that accurate loading schedule is obtainable.

The present invention is not limited to the above-described embodiment.

25 In the above-described embodiment, if the AGV control device 12 detects any
overlap between the time of passage of the AGV 4 and the times of passage of

any bther AGVs 4 which have been already set for any section, the AGV control
device 12 delays the scheduled time of arrival of the container 3 conveyed by the

AGV 4 whose time of passage was set this time. However, if the AGV control

30 device 12 detects such overlap, the AGV control device 12 may accelerate the

scheduled time of arrival of any AGV 4.
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1. An automatic gui ded vehicle (AGY) operating nethod, conprising the steps
of; 5a lowing a plurality of AGYs to travel along a path; di vi di ng
the path into a plurality of sections, the sections having a starting
section fromwhich each of the AGYs starts to travel and a destination
section at which the AGV arrives; setting schedul ed tine of
arrival at which the AGV is to arrive at the 10destination section;

setting scheduled tinmes of passage at which the AGV is to pass through the
respective sect t

deslto i nation sec??éc:ﬁ)ddhr# tg ﬁ%&g}éé;iréé)gpb trﬁgxéﬁﬁegﬁ%&? ?) ?érr%&gﬁ‘rh'gﬁgl va IFllo,d wherein
t he settoﬁgmef(sudaeasdvequobrtémm@‘ekbaeﬂhqbass ofdie differemctebetivean i s

reverse rder in.whjch t es .thr h respectiye

secti ons! heaf?d'get Ioa'amg 'S'ﬁt? W%GM?Q%C@"\%F' %6199 goﬂ@{?gl PeRiR-dance
Wi th theSEéBiﬂ@‘él geché b@amgoécﬁéagﬁaagauﬁgaemé 1@%@@@&%%@%@1@2}&% timg- AN
automati ¢ gui ded vehicle Peratl ng system conprising: 20a plurality

of AQvs; for each loadlqga@peratl@mgam latemhe\svsecaﬂ@d starotime efotransfersing t he

ath bei | ,i g a
pat 1 bet i B 3 ot PPl Yt SR LA ot By SEGHAE R R
desti nat taygetsleaulngrtlrﬁé amb ltl@@ rédmicuiéiédagohedeated téﬁiﬁf&mm thlecas Lipdated
cont rol I the Bég\gllgl iqng of the AGVs; conpri si a first tine

t

sett| ng ke '8%’6@ sehedyle Qﬁtaﬁ?ﬁ vt dn s chﬁslehethﬁG\/ isto
arrive aécéd?ﬁc?@?ﬁeﬂ@é&ﬂ@ seREHUIRNS further improved.
10
Although in the above-described embodiment the AGV control device
12, the loading schedule setting device 13 and the loading schedule correction
device 14 are provided in a single controller 6, these devices may be provided in
separate controllers.
15

In the above-described embodiment, no specific consideration is made
of loading the container 3 onto a manned trailer. However, when the gantry
crane 5 receives a container 3 from an AGV 4 to load it onto a manned trailer
after loading another container 3 onto the containership 2, the time taken for the

20 gantry crane 5 to receive and load the container 3 is added to the
aforementioned operating time of the gantry crane 5.

Though the present embodiment has been described in the case of the

loading system 1 that is operable to convey the container 3 stored in the

25  container storage area 8 and to load it onto the containership 2, the present
invention is applicable to a loading system that is operable to unload the
container 3 from the containership 2 and to convey it to the container storage

area 8.

30 The present invention is also applicable to a loading system that loads

and unloads goods other than container.
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a second tinme setting device for setting scheduled tinmes of passage at
which the AGY is to pass through the respective sections in 30 the path
fromthe starting section to the destination section, on the basis of the
schedul ed tinme of arrival, wherein the setting of the scheduled tines of
passage is made in order that is reverse to order in which the AGV passes
t hrough the respective sections; a dat a-storage device for storing
data on the schedul ed tinmes of passage for the respective sections; and

an AGV tyaMekidMinfeansr ol device for controlling the traveling of the AGY in
accordance wth the schedul ed tines of passage for the respective sections.
3. The AGV operating system according to claim2, wherein the controller

overt ap 10" bet terupretE Qided SanftE FABYY DRritE REindY, Sholshig fhe ° &Y
secti onstaesei n if the detecting device determines the overlap, the first

setting device resets scheduled tine of arrival at which any of the AGVs is
to abrive at tABOWMESHE PlHFalBhOLAGYVSdR travshaleng amgihoper at i ng” syst em

T o Soous: RIS NERC ATIGSINGC 30090 dendhaertorsinys o
bet ween stdmting axedtioh dahn wehistaeabb uf dharAGVastakBVE tramelr and at destiostion ol | er
further s%%{}grq Ia% Sv?flch the AGV arrives;
setting scheduled time of arrival at which the AGV is to arrive at the
10 destination section;
setting scheduled times of passage at which the AGV is to pass through
the respective sections in the path from the starting section to the destination
section, on the basis of the scheduled time of arrival, wherein the setting of the
scheduled times of passage is made in order that is reverse to order in which the
15  AGV passes through the respective sections; and
controlling the traveling of the AGV in accordance with the scheduled

times of passage for the respective sections.

2. An automatic guided vehicle (AGV) operating system, comprising:
20 a plurality of AGVs;

a path along which the AGVs are allowed to travel, the path being
divided into a plurality of sections, the sections having a starting section from
which each of the AGVs starts to travel and a destination section at which the
AGV arrives;

25 a controller for controlling the traveling of the AGVs; comprising:
a first time setting device for setting scheduled time of arrival at
which the AGV is to arrive at the destination section;
a second time setting device for setting scheduled times of
passage at which the AGV is to pass through the respective sections in
30 the path from the starting section to the destination section, on the basis
of the scheduled time of arrival, wherein the setting of the scheduled

times of passage is made in order that is reverse to order in which the
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athird tine setting device for setting target |oading tine taken 20for the
| oading unit to |load and unl oad the goods, on the basis of a |oading and
unl oadi ng | ocati on of the goods | oadi ng war ehouse; a fourth tine
setting device for setting scheduled |oading start tinme at which the

| oading unit is to start to | oad and unl oad the goods, on the basis of the
target | oading tine;, 25an actual operating tinme acquisition device for
acquiring actual operating time taken for the |loading unit to | oad and

unl oad the goodgg ting device for resetting
355%{52? tthrtouﬂe h the Fé\ﬁﬁkewé ﬁ&t"%glts

schedul ed operat| n ading unit is to start to
per f or m subsequent 30Iacxiaia{sgoragd dﬁviaeaﬁhrrsg)mfg data gotwsschedaderbticth@sce with
di fference bet enthe[t ﬁﬁet oper.atin tlne nd the actual operating tine.
6. The AGV oper &1'iFR§S39R UG LR 'W@S?% 4, wherein the third time

setting device nsets bhea@vrt@&ﬁauﬁPQ,romrbnaehbémo:oébﬁtmu@ameStrmenag dfeast one
of skill of operator which mani pulates the | oading unit and environnent al

conditi on undertha\EN inhaceasdanesy Withi thej schysilled dimes of passage for the
respective sections.

3. The AGV operating system according to claim 2, wherein the controller
comprises a detecting device for determining whether or not there is any overlap
10 between the scheduled times of passage of the AGVs for any section, wherein if
the detecting device determines the overlap, the first setting device resets
scheduled time of arrival at which any of the AGVs is to arrive at the destination

section.

15 4. The AGV operating system according to claim 2, further comprising:
a goods loading warehouse for storing goods; and
a loading unit for loading and unloading the goods between the goods
loading warehouse and the AGVs, wherein the controller further comprises:

a third time setting device for setting target loading time taken

20 for the loading unit to load and unload the goods, on the basis of a
loading and unloading location of the goods loading warehouse;

a fourth time setting device for setting scheduled loading start
time at which the loading unit is to start to load and unload the goods,
on the basis of the target loading time;

25 an actual operating time acquisition device for acquiring actual
operating time taken for the loading unit to load and unload the goods;
and

a fifth time setting device for resetting scheduled operating
start time at which the loading unit is to start to perform subsequent

30 loading and unloading of the goods in accordance with difference

between the target operating time and the actual operating time.
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5. The AGV operating system according to claim 4, wherein the third time
setting device resets the target operating time on the basis of at least one of skill
of operator which manipulates the loading unit and environmental condition

under which the loading unit is operated.
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