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
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a traveling path along which the AGVs travel, and an AGV control unit for

controlli'Rg t he operation of 15 the AGVs. In the traveling path having
poi nt  of BACKGRQUAIRIOS THE IMVENTION er section, the AGVs need to be
controlled carefully so as to prevent collision of the AGYS. In order to

avoi d such collision, AG/ may be required to wait for another AGV to pass
by dependi ng ofThiehsresehiimvention relatescoadmoaetaiestic ghidedpiehidle apetatinghowever ,
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bet ween the AGVs and a containership. Due to the 25 operating tinme varying
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traveling zones arranged between the stations and forming a traveling path along
which the AGVs travel, and an AGV control unit for controlling the operation of
15 the AGVs. In the traveling path having point of merging and/or point of
intersection, the AGVs need to be controlled carefully so as to prevent collision of
the AGVs. In order to avoid such collision, AGV may be required to wait for
another AGV to pass by depending on the situation. In the above-described
publication, however, no consideration is given to such requirement.
20
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
25  operating time varying depending, e.g., on the loading locations (or loading and
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.



SUMVARY OF THE | NVENTI ON I n accordance wth an aspect of the present

i nvention, the automatic 5 guided vehicle (AGY) operating nethod includes
the followi ng steps of allowing a plurality of AGYs to travel along a path
and dividing the path into a plurality of sections. The sections have a
starting section fromwhich each of the AG/s starts to travel and a
destination section at which the AGY arrives. The nethod further includes
steps of setting scheduled time of arrival at which the AGV is to 10 arrive
at the destination section and setting schedul ed times of passage at which
the AGV is to pass through the respective sections in the path fromthe
starti ngSYRMARY OP THEINAVESKITIENI on section, on the basis of the schedul ed
time of arrival. The setting of the scheduled tines of passage is made in
order that is reverse to order in which the AGY passes through the
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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



controller includes a first time setting device, a second tine setting
device, a 25 data-storage device and an AGV traveling control device. The
first tine setting device sets scheduled tinme of arrival at which the AGY
is to arrive at the destination section. The second tinme setting device
sets schedul ed tinmes of passage at which the AGV is to pass through the
respective sections in the path fromthe starting section to the
destination section on the basis of the scheduled 30 time of arrival. The
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respectl ve sections. The AGV traveling control device controls the

travel i rs@ctjpns he AGV in accordance with the scheduled tinmes of passage for
the respective sections. 5Q her aspects and advantages of the invention
w || becone apparent

5 Other aspects and advantages of the invention will become apparent
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;



fromthe follow ng description, taken in conjunction with the acconpanyi ng
drawi ngs, illustrating by way of exanple the principles of the invention.
BRI EF DESCRI PTI ON OF THE DRAW NGS 10 The invention together with
obj ects and advant ages thereof, may best be understood by reference to the
foll ow ng description of the presently preferred enbodi nents together with
t he acconpanying drawings in which: 15Fig. 1 is a schematic view show ng a
| oadi ng system i ncluding an AGY operating system according to an enbodi nent
of the present _| nyention; . Fig. 2 is a fragnmentar i ew . showi ng a
path al ong whi EI9-d 513 saemgticviencshowtha the laasling REeEfenaRroIMEAY 1
travel s; ig- 3 is a configuration block diagram show ng the

| oadi ng aség?tgymcgrqg oifrll:lchgldi ng a functional block of a controller of Fig. 1;
Fig. 4 is a fragnentary view showi ng the traveling path of Fig. 2,
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cont gol device of the controller of Fig. 3;

Fig. 9 is a flow chart showing steps of procedure performed by a
loading schedule correction 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



Fig. 7 is a schematic view show ng the | oadi ng operation perfornmed by a
gantry crane of Fig. 1; Fig. 8 is a tine table show ng an exanpl e of

| oadi ng schedul e; and Fig. 9is a flow chart show ng steps of
procedure perforned by a | oading schedul e correction device of the
controller of Fig. 3. DETAILED DESCRI PTI ON OF THE EMBODI MENTS The
followng wll describe the enbodi nent of the AGY operating system
according to the present invention with reference to the acconpanyi ng
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™ 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



not bei ng shown). The gantry crane 5 serves as a |oading unit that

| oads and unl oads each contai ner 3 through nmanual operation by gantry crane
operator. The gantry crane 5 has a pair of vertical legs 5A that is self
propel l ed, and a horizontal boom 5B connected to the upper ends of the
paired | egs 5A for novenent therewith. One end of the boom 5B extends above
the containership 2 and the other end extends above the path 7. In
addition, the gantry crane 5 has a crane unit 5C nounted to the boom 5B via

a wire rope, 5D. Th 5Cis adapted to lift the c i ner 3 and
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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 scheduie 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



The AGV control device 12 receives the data registered in the to

dat a- storage device 10 and the data on the | oadi ng schedule registered in
t he | oadi ng schedul e dat abase 11. The AGV control device 12 perfornms a
predet erm ned processing and then sends a control signal to each AGY 4 via
the radio unit 9 for allowng the AGV 4 to travel. 15The | oadi ng schedul e
setting device 13 sets the aforenentioned target operating tine and the
schedul ed | oading start tinme as the | oadi ng schedul e. The | oadi ng
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actual | oadi ntga_ti ne, thereby correcting the | oading schedul e.
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Ref er r i rifeconfiner SissIpdedted t he steps of procedure perforned by the AGVY
control device 12 in flow chart, the AGY control device 12 cal cul ates
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the AGV 4 to pass through the sections are calculated in view of such additional

15 time.

In the data 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 B, (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

25 scheduled time of arrival of the container 3 which was calculated at the step S51
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.



to The accel eration and the maxi num speed of the AGV 4 vary dependi ng on
the gross weight of the container 3. At a section in front of any storage
| ocation of the container 3 in the container storage area 8, it takes sone
time to transfer the container 3 fromthe container storage area 8 to the
AGY 4. The tines taken for the AGY 4 to pass through the sections are
calculated in view of such additional 15tine. In the data B on the
sections shown in Fig. 4, the AGY control device 12 calculates the tines
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the path 7 frof %Pr% i%bgggnt@lp‘%g/g C%’itﬁﬂldﬁﬁ@es%%fjﬁ%m"l% whether of Nohe

current pasd isl 4y Werldbebéei%eﬁ th@tuHEoﬁA thg@ ghé&%\ﬁﬁﬁ]ﬂd‘tﬁg} e§%’Ft'°”) in

front of the gantry cran control
devi ce lpassape of aayloth&r ABVp dsabigh hawe bekr airieaﬂy sét fonthe/abmie séutioAGY 4 f or

t he dest| i sectio n,th sis qf ,the hedul ed i of rival of
t he contlgﬁﬁg %gt%ﬁtq‘? %Qg the gﬁ’ﬁﬁf:%?f tdqvllf@ i?é%?aé@l ta&@ngt? osﬁméh‘%. e
taken f ogchiedBled®nd of aridad of the evstairRR B cerRaye8byRNSAGYT Aamosaliphe at ed at
the step S53. At the step S55, thé AGV control device 12 sets

the ti rré)fowaﬁs;aggaageseet thi tire anchtheoprageduge i detumed fortheoStasx S8 f or t he
section tion. At the
step SSGfﬁﬁthb?@U?gﬁﬁ%{i@ﬂg%?%géfiezétggz mbnes 4\/\%{}{%5? or not there is any
overlap between the tinme of passage of the AGY 4 and the times of passage
of any other A 4 ich h e | ready, set r. the above section. If
YES a%/ t he ste%@%%égﬁeﬁﬁéﬁ??&%@W@Zﬂ%ﬁ‘d Jetermingsal the $iPR57 t he
schea@ul egbg WhBtHeF orhbt &éﬂtlngfofttlli@tlﬁ\‘érﬁf%a%égé” géQi}‘rf‘éjopé/xnt ¢ 1R Gl whose

tinme ofe‘ﬁassage was set thrs tine and ure 1s re urned to the step
854. Thehat ke ﬂ@tﬁlngmcrt@ln igecpinapiete. rb‘pi‘d@tat maestep@ﬁe mmmsdsm is If NO at

whot ner Terotred Yhe W 835 e FEACT, BT HELREOR (hodls e bBBe.%5 ot tne
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the steps 655 and 856. If YES at the step S58, the AGV control
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order (as indicated by thick arrowin Fig. 4) that is reverse to the order
in which the AGV 4 passes through the respective sections. 25

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
AGYV 4 passes through the respective sections Bg to B4 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.



In the data on the sections B shown in Fig. 4, the tines at which the AGV 4
passes through the respective sections Bs to Bl are set one after another
inthis order and the traveling start tine is sent to the AGV 4,
accordingly. At the traveling start tine, the AGV 4 starts traveling from
the starting section toward the destination section in accordance with the
set tinmes of passage at the respective sections Bi to B9 In the
above-descri bed enbodi nent, the steps S51 and 857 of the AGV control device
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al & ddy r%@hecf,tﬂf iop&ct frge stbp SEoFRY AGW Eqttralevie 12 aflattRétradiany

ove ap, control evice 12 delays the scheduled tine of arrival of
t he contwniih@r cBoperatel toefans anhAQV rteaveling acomipe dgvieeh dhatcooatrelsrtheach

St ar t§ ngrRmlingodf iAo AeehrddREoWEd, s SF pRRrebe sel BV 17

crane 5 goeddniRhe vettihgfddvigeny other AGY 4 to pass thr ough the nerging point
7A, traffic jamof the AG/s 4 is 25 forestalled. Thus, the nean traveling

speed of the AGYs 4 is prevented from decreasi ng and the transport capacity

of e cont i ey Sebsohb HXIAE Aol AN 19 10fRS Y by debicaddl L on,

sin t he order ai ners arrive a antr crane 5 need
not be chahdemines Wheitienor apethere dmam)sopenlép)bemeenthertenseﬁpassageof or der

according to the original (| oading sched Referri to Fi 6
showi ng ‘%rrthﬁl '%ﬁvcﬁzi’fn% theetiraes pf Sﬁg%é‘géﬂy é)ehﬂ%rr AGVR4 WCIPE@ J

schedul &;Reidy 84 8P %hGSsettion! th theadb 0% oHifeP deVRe 12 detects any overlap,
the AGV control device 12 delays the scheduled time of arrival of the container 3
20 and resets the time 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
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setting device 13 sets, at the step S61, the target |loading time taken for
the gantry crane 5 to perform each | oading operation fromthe data on the

| oadi ng |l ocation of the containers 3 in the container |oading warehouse 2A
of the containership 2 which were registered in the | oading schedul e
database 11. If 5 the containers 3 have different |oading |ocations as
shown in Fig. 7, the noving distance of the crane unit 5C of the gantry
crane 5 varies depending on the |loading |ocations in the containership 2 as

i ndicated by two, arrows with differ engt hs and the | oading tjinme taken
o C o et HeRiea S BRis 25 dneuttho . bRt dpaniag: e Jakendor e

accordi b~ Fl ; j i is the
sum of {tﬁen\f ?’i énrgn?aSKteonp?g?A? @@ﬁ?@ﬁﬂeﬁ@at{% ﬁgﬁlt fri;'aenééé}grdrr{e)g@]c 'ra%r(#dt e AGY 4
to the dacation of ¢he &yntaindrs 1% imtbe acdntaginer feadingt warshpusé o2Aef the t he

Gant 1y CoRIRngrstibLF AR SHeRt cpbfTased b e bt B8RS ARIERP AN T
posi i OnheRbhtaitdie ITRAROHIAGT 1bEEInG edktioRE ds"ehdvin IMPBigt nttRd ARing from the

AGY 4 to the crane nenber 5C i s conpl eted. . The operating tinme of
t he gantdigtane@d thejcrangainit ae efathiengpolry Chng AnyarescHaprNding ME or m any

oper at i ] ; i i i ; i y, the
operati ﬁga@f‘ﬁg‘;%%“%? Ee"t‘ ggen? ?@@fégﬁﬂp gn %%h]twﬁéem?cir’ %g t@r orﬁbt %\gﬁﬁm@b&en t he
gant ry demagths anstthetisading miovetakdea for theegamtiny ciaGef Dto pedors &ha loadiriche
container 3 on the crane unit 5C to the | oading |location in the container

| oadi ng QRSB 1e8A36F0THRGY ont ai nership 2 until the moment when the crane
uni tjp5C returns to its initial position. If the hatch cover of the
containership 2 needs to 25 he renoved, the operating tine of the gantry
crane 5 incl udds shewntinrigs.akand Bothedesdiagdinge issthersun pkthediroe taiarer .

The conteg) e o4 aadlps WALEAGHSREA Rin'he AQD Al e Ghln?olig £t Vi ded

into dif areas “su rig area, a drea, a | ower

30 m ddltke apeeatingrtirme piedt is ipghforraee dy the gappgrcramd 6. aTae tramsfartipes ism ddl e
area. Assumi ng that the wharf is on the left _side of the containership 2 as

vi ened ithe If'f'@f from thgememenhvhen the Ganiy crang, 3rstarsip lower te FERSUNE ght area
of Hge aMiRdACthe 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

returns 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 retumn 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.



| oadi ng war ehouse 2A requires a | onger noving distance of the crane unit 5C
than the container 3 to be transferred to the upper left area of the
cont ai ner | oadi ng war ehouse 2A, and the operating tinme of the gantry crane

5 is longer in the fornmer case. The target loading tine my be
changed dependi ng on the kinds of the containership 2. The target | oading
time may al so be changed on the skill of operator who mani pul ates the

gantry crane 5 and/or on the environnental condition, such as wind and

rain, under. which the ntry.crane 5 is . it step
So2 ¢ hSTURGMATSERYRRIGA L < ER ) farkae quBREb i ned Bedhe scremg Shit S, Pk
schedul geah QREiddttAiher B ol BB tedndfégedantthy wpurclefi drea ofathie tortdineg
operation on the basis of the target |oadi rlgétl nme set at the step.S61. That

i s, the loadiog warebowsri2A, sadithe @pgeatingetimg af dhe gagtry£ram S48 rdd tine 15
(schedul ransf start tinme) at which the transferring of the container
3 from ttﬁ%fckf%r}fa%'the gantry crane 5 is to be started. When t he

| oadgng operation Bis to be perfornmed subsequent to the | oading operation

A, as exenplified in Fig. 8, .the |oadi schedul e ettiq evij ce 63 sets
the schedul ed Thariardet loading time,mayoe ¢an %ens@@ b ﬁ% I%‘défa{ i ng
seventy ] o€. ; j ' t i EheLBRINAFI on A,
ot he SORESAe 20 T el A A R b T e A At ¢ e
st ep 563perdter | whaoli mgnipulatesi| thes ganirncrdeei & eandior ey sherenvirmamestalar get

cal cul atceadtion: Rudkasig sng capnuAfes §iRaTRe SRR G- R T Fielt e | oaai ng

schqgul e database 11. Referring to Fig. 9 showing in flow chart the steps
of procedure 30 perfornmed by the |oading schedule correction device 14, at
the step S71, Ahdhe stap B§2sthelnading seheditle satting devica 43galeiatesdBewnet her

grESng: :azgrelét(g)a io%gg?g&{e%tdléﬁl 1856ing SGAtPRHE S RRE Mant)CcdAB! S Yo edRR 5. 1T
loading operation on the basis of the target loading time set at the step S61.
That is, the loading schedule setting device 13 calculates the scheduled time
15 (scheduled transfer start time) at which the transferring of the container 3 from

the AGV 4 to the gantry crane 5 is to be started.

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,
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t he | oadi ng schedul e correction device 14 acquires the actual |oading tine
taken to performthe | oading operation, at the step 372. Wiether or not a

| oadi ng operation has been perforned is detectable, for exanple, from an
output from a | oad-presence sensor nounted to the AGVY 4. The actual | oading
time may be cal culated fromthe period of tinme during which the gantry
crane 5 is operated and also the period of tinme during which the control

| ever is operated. At the step S73, the |oading schedule correction

devi h l.ed t f t th b t
o RSN AL BT I 8 50 5.7 el b i o
i accongangfor i Idxif bb bbefaﬁlaﬁeabw%@éb 72. t QUGRhePBR L ld%afdmlgegset by

t he | oadi ng schedul e se device 13 (refer to the step S61 of

and t he qReratian baepaen rP@ffDm‘i@d is detestahledar ﬁgamolee@oneaasatémﬁrfmmfa ed in

cedonds 'SaEPrrercE SeRas MRRP I, HEABY HneTae BhB PSRV I8 ection
devi ge bicutdted tfrem thé qubiriod doft tirae furingsivhich the rgantgrerahe 5 Bagberateper at i on
Bwth a dela of fl({}{a n seconds At the step S74, the | oading

schedul @N9AIPR 8 BRIQEQ tHBeﬂH!”PSQYrB‘f'bV? qRirot leyRG EPREAEHul 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 dat abAtthelsteprir3, Hie snaging8chedule berreciinti devise Hddetalcalatas ng

devi ce onnathlrd ettin evice that.sets the
t ar get %ﬁ%dﬁiﬁ%‘f"% t'{agﬁ ?t@Ft fﬁ’(? é%rnit %’rsoéﬁgu@‘%t %a&'&q SAgratpn If?)adl ng
openat i er@femhﬁ fesrai theoAG\N et It@at%engahwadraﬁ@ 3 Nn tARof@iicel Weth tHeadi ng
war ehouse 2A e step S62 of the | oading schedule setting device 13 forns

a fourt ﬁilffqrﬁBC%éptwq@ t!@/'ia&sttqmatm imerfet Syrbadeading @ahecﬂigjeﬁeam time at
whi ch Ha%v&@n%sr Kref%'ataqhés 6710k Fi tdaf‘%r{gg{hgé({?&m o%%gétﬂ'& e, 39{1&@" ng

operati on, asi s o and S72 of
the | oadbat@ng@bbddthle asaexempllfied trefigc e, Mhmdmeaeﬂual toadiry tmmno’atﬁeual

Caken 1 Bading Qe & R BRer Serotis henid Bies igebieadnn o rle |

operlgt ' %hdlﬂ'@%cﬁé&ﬂe cofracibn WRSickoprkag tﬁ@@%ﬁ\ébﬁl GQH&%H Sartdfns ¢6r 14 forns

afifth time setting device that resets the schedul ed | oading start tinme at
whi ch t e lpadingoreratien 8 with adlefayefififteenmacbods t he subsequent | oading and
unl oadi ng operation in accordance with difference between the target

| oading tinme and the actual |oading tine. The gantry crane 5 which

i's manual |'y opar theestep )5 7ap eerloadintpscreaiutecdriectionl devidentt régistelLtheThat s,
the tinme of (geratlon of the (%antr crane 5 is varied w dely dependi ng on

the | oa(’fﬁhﬁﬂg? Sshedimedtranserc ﬁ[taﬁfﬁ@ra%th%ui’we@dﬁ@@ﬂﬁeﬁcr‘legu@i WgthRar ehouse
2A @P r‘?@&@ﬁé&ﬁﬂéﬁb@b&se% shown in Figs. 7 and to 8, and also on the
o ope

ski | ator, environnental condition such as wind and rain, and the
type of containership 2. Therefore, the |oading operation may not be

e S ARhBralehl, e B oSt hlBkelfre ™
correct lapd 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
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device 14 acquires the actual loading tinme taken for the gantry crane 5 to
perform | oadi ng and unl oadi ng operation and changes the schedul ed | oadi ng
start tinme for the subsequent | oading operation in accordance with the

di fference between the preset target |loading tine and the acquired actual

| oading tine. 20 Therefore, the |oading operation may be started at the
schedul ed | oading start tine irrespective of the |oading |ocation of the
container 3 and/or the skill of the operator, so that accurate | oading

hedul e i bt ai nabl e. Th [ ' i L.i mi
bove. dcSE PAIS EAGA SRERBUICESTRRORSeHE, 4 St £ B0 RS RRREY Ry ¢ ne
AGY contypgl rflerd e dcheflBlcribadYsta Bt RRICKIRG dahfylorare ofis Astange of
and the passdge o h

t he AGVY times o as any other AGVs 4 which have been
al r eady tpeperfarm vy sslssdquant loddind\@vdcamioading dwpgration in desafgangawitchedul ed

time of arrival of the container 3 conve b he, A \Whose tinme of
passage HHeresce hefween mﬁe{}’"g% 9@'P9%We ?ﬁﬁ%@gﬁw&%gﬁgﬁﬂe 12 detects
suchsoverl ap, the AGV control device 12 may accelerate the scheduled tine
of arrival of any AGV 4. The | oading schedul e ma%pbe reexam ned every

predet er ni ned pidve gahtry crane § sdnich issmenealaperated by opefaiek NaYCaYse basi s

of the diffgrence between-the .tapget. | oadi d di ng
time fortlhga OVY%hRY per-ri\ai%dﬁ’. {r%pﬁmeflgfcjgpggafﬂbﬁﬁ%@ﬁ%ag?ﬁ%@ s%r(r:ﬁzédus: %aset ting
devi ce lgd&seaiigelyh@epaiding beagienbading Ibcatiorach theadontgineped dni the,

recal cul ates the Scheduled start tinme of transferring the.c

GV ' 3 f
the AGV @ontainendoaging wareheire /) o4 le cagiadiaspliPrh &S dan {%E@%ﬁ Hing
ti ot t t e di

| T8, AN ! B AGRLAhA A BF ARARIGH drlviBARRtaA [ idition Budh® ay iRl ashd oadi ng

schetfu I ng sc ase 11, In this case, the accuracy of
t he | oadigig, achedidypeicf domtdihershipn@r o¥herefdare, the loadingnoperatigh may pak

above-descri bed enbodi nent the AGV,.contrql .device 12, the.| oadjng. schedul e
setting Pevhladedsak e ¢ qdb&ﬂ ﬁ%@@ﬂeﬁaﬁet'@& ngtqsoﬁh%eﬁfdérgg\ll a#@c
provi dedséﬁb isingle controller 6, these devices may be provided in
separate controllers. In the above-descri bed enbodi nent, no

specific consideration is nade of | oading the container 3 onto a nanned
trailer. Howev

r,,when the ntry cr i ; i i £.om an

AGV ¥ to | oad ﬁf‘ @ﬁtﬂeﬁe%ﬁﬁ@(ﬁ’d{rﬁe&m’ iﬁ%ﬁ@éﬁ?‘?c}@g?%ﬁ‘g gnot Eeé:%égﬁ?tgérﬁer 3
onto t hed&ﬂ@é al D efcglirBs Zhet Atubi Bading aimé aakeheopahe rgantnacearte Hota ecei ve
and |l oad the container 3 is added to the aforenent L@nwe@%ﬁi me of
the gant pgrfemareading and unloaping gperation, aed Shanges Jienssiedy g
described in.th e, of ' : j "tRE ldffdren&®nvey
the cont ﬁﬁaﬁteqmg?gf@e%quﬁhpﬁg! @%ﬂk@%@%ﬁ?ﬁl&g%&aﬁgag%g}ﬁg tggd_ tcg _?oad it
onto thepgmmdct RS pheset 2arddtdondipgetiinei ancribé acquired ppdtualaloRdingotimel oadi ng
systemthat is operable to unload the contaiper k3 fr the co i ship 2
2nd 10 caneEore 1o lRaing RERIIET MAlPAGLATRL 4t the sthedied 168G st

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 other 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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30The present invention is also applicable to a | oading systemthat | oads
and unl oads goods other than container. Wat is clained is: 1. An
automati ¢ gui ded vehicle (AGY) operating nethod, conprising the steps of:
5allowing a plurality of AG/s to travel along a path; di viding the
path into a plurality of sections, the sections having a starting section
fromwhi ch each of the AGYs starts to travel and a destination section at

whi ch the AGV arrives; setting scheduled tinme of arrival at
which the AGV Ls to arriv t the 10destination section; . .setting
schedul ed t i n’e'ﬁ‘ﬁfb ‘3@9 eav'evmﬁv,:bq rrexamined eveyygusdetermineshperied

r espect i ¢finSe Eduichnss é%waﬁye Bﬁbbelé/r\@?éﬁ)% ﬁlbadﬁiﬁ‘gf dtﬁ%ﬁiiffé’ﬂép&@ beRfe

destination section, on't asl t'he sche time of arri va‘?rj wher ei n
t he set tthadarget ilordiag hisaribed the rastualflopdisg dimee ifer eacte ldading dperatibat i s

reverse ¢o9 Il i.ch the 15 passes.,thro the respectiyve
secti onsé,peg%%ﬁy’ thé Ig@%@?}?#'&?q“ﬁ%gﬁéﬁ\ég e?*"éﬁf’eﬁ’ ﬁ%seggtﬁent@f%@‘)s‘ﬁ"%'w dance
Wi t h 5t hefos elieltlidting ioffefatidh, PésHadatesthetdtpelgRESRA M ithes BF taASRming: AN
aut omati c gui ded vehicle (AGQ/ operating system_conpri sing:
the ‘container 3 from the AGV 4 to the gantry crane 5, and registers the reset
target loading time and the recalculated scheduled transfer start time as updated
loading schedule in the loading schedule database 11. In this case, the

accuracy of the loading schedule is 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 S 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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20a plurality of AGVs; a path along which the AG/s are allowed to
travel, the path being divided into a plurality of sections, the sections
having a starting section fromwhich each of the AG/s starts to travel and
a destination section at which the AGV arrives; 25a controller for

controlling the traveling of the AGVs; conprising: afirst tine
setting device for setting scheduled time of arrival at which the AGVis to
arrive at the destination section; a second time setting device for

setting hedul ed nmes of passage at which the AGV is to pass through the
respect | EE@&'?'U}%’J'% 30 the path fromthe starting sectlgn to the )
destination section, on the basis of the scheduled tinme of arrival, wherein
the setting of the schedul ed times of passage is nade in order that is
reverse t.o ordén automatichguided vabiclp4A638 epgrating meibod cepaprising tBRct i ons;

a data-s oraaﬁ device for storing data on the schedul ed ti nes of passage
for the %%% tive sections; and an AGV traveling control

devi ge for Conhll@\hllrigprﬁf@ht*bﬁﬂ@lm tedvel alomgAiathn accor dance with the
schedul ed tines of passage for the respective sectijons. % AGVY operat| ng
syst em accor di ﬁ'dyldlﬁg clhei ﬁ@tﬁ intp e é?'Hr&t"E)é of siactigns.efhe Sections Raing 8

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

-15.



conprises a detecting device for determ ning whether or not there is any
overlap to between the schedul ed tines of passage of the AGVs for any
section, wherein if the detecting device determ nes the overlap, the first
setting device resets scheduled tine of arrival at which any of the AGVs is
to arrive at the destination section.

AGV passes through the respective sections;
a data-storage device for storing data on the scheduled times
of passage for the respective sections; and
an AGV traveling control device for controlling the traveling of
5 the AGV in accordance with the scheduled times 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.
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