-1- DESCRI PTI ON TRAVELI NG VEH CLE SYSTEM AND METHOD FOR CONTROLLI NG
TRAVELI NG BY TRAVELI NG VEHI CLE SYSTEM 5Fi el d of the Invention [0001]
The present invention relates to traveling vehicles such as an
overhead traveling vehicle (OHT), an automated gui ded vehicle (AGQY),
a rail guided vehicle (RGY) or the likel-In particular, the present

invention relates to a techni que Q§E§6ﬂ¢§§§ﬁing control in 10a
di Vﬁl’gi ng Zecti on or a nerging section. Background Art [0002] In a
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vehicle. Further, a ground controller restricts entry of the
traveling vehicle into a diverging section and a nerging section to
ensure that onl ne traveling vehicle can enter the diverging
sectfon Jﬁdﬁﬁgwﬁﬁﬁﬂpﬁﬁnhection. Herei nafter, control where the ground
20controller's permission is required for the traveling vehicle to
enter a cd@PPHin area, and the number of traveling vehicles that can

be present in the certain area is limted to, one or less is referred
Lo as the bl ockiHEehMEMIOPIIREP TauFiing CHURSPEN Bt Gregieat fiaveling

traveling vehicle is restricted,b | ockj control. is referr t g, as
the bl ockyehiflafQET) pooumases %iﬂ%%%‘@?‘é%?‘? AGD. M&%{qeéﬁfﬁhlc‘rﬁl(é&e{ﬂﬁ the

area is several tines |onger than the vehicle Iengtq of one traveling
g

vehi cl e flife. tin@artisplas ihapresei dorationtrlatestofeeniqus qffaplensatipg cQrieol
10 a diverging section or a merging section.
Background Art
[0002]

In a technique disclosed in Patent Publication 1 (JP2005-284779A), a collision
15 prevention sensor is provided in a traveling vehicle such as an overhead traveling vehicle
to monitor a leading traveling vehicle for preventing interference with the leading
traveling vehicle. Further, a ground controller restricts entry of the traveling vehicle into
a diverging section and a merging section to ensure that only one traveling vehicle can
enter the diverging section or the merging section. Hereinafter, control where the ground
20 controlier’s permission is required for the traveling vehicle to enter a certain area, and the
number of traveling vehicles that can be present in the certain area is limited to one or
less is referred to as the blocking control. Further, an area where entry of the traveling
vehicle is restricted by blocking control is referred to as the blocking area.
[0003]
25 In general, the conventional blocking area is several times longer than the vehicle
length of one traveling vehicle for the following reasons. For example, in the case of the

diverging section, it is difficult to detect a traveling vehicle diverging from the diverging



di verging section, it is difficult to detect a traveling vehicle
diverging fromthe diverging -2- section by a collision prevention
sensor froma position upstream of the diverging section. Further, it
is difficult for a traveling vehicle in a curve segnent at the exit
of the diverging section to nonitor tra%eling vehicles in a straight
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preventi ofY €, 1n e case’o e‘nerg sec it
is difficult f tr.avel i-n ehi CUr Vi.-ng : f
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vehicles i.n the merging section. using. the collision preyention

Censor - g weidh PudEer u3le Buislein g Sreiehl REmREEY ROl B of ths

i ncluded i.n the bl ocking arga. Further, it is.difficult for .
{ravel 1 ngtivuhie B e ol s SR e rientrh st Bt detesaft ofths mrsige
vehi ¢l es at .t he exi f the mer.ging.section the 10.collision ..
or ovent | oHCUShdLs SERE B EAvelng e R S Tl A PG oL Bt g ieection
included |n the blocking area as |1. Under the circunstances, the
bl ocki ng 14 S8OHRE irauerEtegetics, rdried et nitesip Span PR g e rerian Wane
that can 1gass through the bl ockxln area eFer unit ti rtmrwi S . .
subst ant | Re collisippdrewnijon seseh ¢ Thsrripre; @ regipn wisheamof fhiengemgseripn is
area, the efficiency of the traveling vehigcle systemis |ow, 15Patent
Publ i cat i ®#P melugiepupihs binskmggaeap; uihgs i e dBTiclh ot ailavlng e hitle sramg 1
to be solved by the | nvention [0004] 20QAn Ogejf ect OE t he present

i nvent i onthp snerging seqtivade detsel trayRles vancles 2vlg erpolias merens sectipn £y the
pass_t hrough a diverging section or a nerging section., Means for .

Sol ¥Png terdlishprprexpnsiqnoenssT. Thiekue.di 1sgiopat thednyBwg spetiony Bistudsd in the
systemfor a plurality of traveling vehicles traveling along a travel
rout e i nchloekingamgadp wetl gilingesbe cirepmsiagres. the Plyrkige sestbespmesgege. Since

control of a controller on a ground is provided. , .
the number of traveling vehicles that can pass through the blocking area per unit time is

substantially inversely proportional to the size of the blocking area, the efficiency of the
traveling vehicle system is low.

15 Patent Publication 1: JP2005-284779A

Disclosure of the Invention
Problems to be solved by the Invention
[0004]
20 An object of the present invention is to increase the number of traveling vehicles

that can pass through a diverging section or a merging section.

Means for Solving the Problems
[0005]

25 According to the present invention, a system for a plurality of traveling vehicles
traveling along a travel route including a diverging section and a merging section under

control of a controller on a ground is provided.



- 3- The traveling vehicle has nmeans for recognizing a position
of own traveling vehicle, and means for obtaining a position of

anot her traveling vehicle by communication. A certain area of the
travel route, including a diverging section and a nergi ng 5section is
designated as a bl ocking area. An area-3ncluding the bl ocking area,

and larger th t he hl ockj. area is.designated as..an i.nter-vehicle
Aot hace Cont ¢ Dhe tivsting SEniCR rl S of P p B0 BloE e B3 Pe L AE Ty

area, vel oci control .of the traveling.vehicle is inpl nted by
et or m i VNG ha Pusey BIoblaag & PR EATauleh SEHUIErADISN B vehi o es

based on the pasition of the other traveling vehicle obtained by
comuni ca¥AYAUHEAH®he 10r ecogni zed position of the own traveling
vehicle. The traveling vehjcle is configured to enter .the bl ocki.ng
area after obtAiCATtHY aaeaﬁé“rt% el o, SRANGRE & JherEny gction prrbpmersing
Further, according to the present invention, a travel control nethod
in a®t r aviEriioRyisviepigated %%E’@ﬁkmg) areg. ggrea inclpdiye the hlpeking grape pidclaeasr
traveling along a travel route including 15a diverging section and a
mer gi ng siéen theplegking arepistdesignaged as dbistaroehiste dsfascegioptipkpres
provi ded. The nethod includes the steps of: . designating a .
certain area ol theinterrphidle disignes anﬁ@Fﬁféﬂﬂﬁl%lt&IiCV@tF@iQf esteavel1as velielea
mergi ng section as a bl ocking area, _ _ desi gnating an area
i ncl udi ngstmplepleptekibygletarmningprlinteirighicla datgnechetyeacke fgveingacholes
an inter-vehicle distance control area; allowing the traveling
vehi cl e thesed awdlle poisising of e athenievelingivahicle petained be cpmgunidatien and the
havi ng a di stance sensor for detecting a distance to a traveling
vehil@l e afreeghizsdl powition of thel dwrgtransting vehiclee dihe tfavelingawbiphd isicogfigured to
position of the own traveling vehicle, and neans for obtaining a
posi ti on aterghobleeking pepasiiengbteinhigal rermssoorfmm theatontyaller25al | owi ng
the traveling vehicle in the inter-vehicle distance control area to
[0006]

Further, according to the present invention, a travel control method in a traveling
vehicle system for a plurality of traveling vehicles traveling along a travel route including
15 a diverging section and a merging section under control of a controller on a ground is
provided. The method includes the steps of:
designating a certain area of the travel route, including a diverging section and a
merging section as a blocking area,
designating an area including the blocking area, and larger than the blocking area
20 as an inter-vehicle distance control area;
allowing the traveling vehicle to travel along the travel route, the traveling vehicle
having a distance sensor for detecting a distance to a traveling vehicle ahead of own
traveling vehicle, means for recognizing a position of the own traveling vehicle, and
means for obtaining a position of another traveling vehicle by communication;
25 allowing the traveling vehicle in the inter-vehicle distance control area to
determine an inter-vehicle distance between the traveling vehicles from the position of

the other traveling vehicle obtained by communication and the recognized position of the



determne an inter-vehicle distance between the traveling vehicles
fromthe position of the other traveling vehicle obtained by
communi cation and the recogni zed position of the -4- own traveling
vehicle to inplenment velocity control of the own traveling vehicle
for avoiding interference with the othe4- traveling vehicle;
allowing the traveli vehicle to request a m ssion fromthe
cont 1ol P bt SRRyt Hnlemen w Sk Gy S3hERE B elule T
traveling vehicle to ente he bl ocking area 5after obtaining the
request ed'p Iilﬁg‘é‘?%eﬁ?mﬁr‘fﬂ{h the otheg fr Yﬂﬁngaegnﬁ%’t raveling vehicle in a
travel route otren t han thF i nter-vehicl e distance conérol a eah%o
i mpl enent  vel ot BiiFaypling V%“FFée BREIESsEd BFTRiEsioR fiP R the popted ehhetPfe

di stance determ ped by the distance sensor for avoiding interference
with the %Wé?t%tgég@F¥W§ i Aowing fhedrveling ubidle an%ri%%ﬁ?e blocking area
description regarding the travel.ing vehicle systemis directly
appl 5cab|f’é°‘efﬁbﬁ%ﬁlén3 thgyequesigh PREissigt R84 Preferably, the
traveling vehicle further jincludes, a distance sensor faor detecting a
di stance to a #loxies thegrayekngydude buaitrayel fore sihar than the integveligiec) e,
and vel ociity control of the traveling vehi C|F in a trayel rc_)ut% ot her
t han the distersecpaifpkarea i igipleipent yelpeitnronirob a1 the opes trayeling Metuele Basedpn
on a distance determ ned by the distance sensor instead of  the
posi ti on tbe distrace defermingdibe fherlistanagisenser Sytaxpiding Hierempae withdhe ether
Further, preferably, the traveling vehicle is configured to request a
per mi ssi dfevelisgrivetielecontrol | er before entry into the merging section,
and the controller is configured to provide perm ssions for entry
i nt 40t he ner gi Wghisspedibiertiopr dasetiptivmi ragargdingdhe raneding wehiclevastpml e directly
comng froma sanme direction regardless of an arrival order of the
request, dpphicatlle tvihatravéigontrelve¢thedy vehicl es conming fromthe same
direction to successively enter the nerging section. In
particul ar, prBffraiy.the travitimgachiclsrfonthetddcindesragdisthecetsensps forr detectingad
the neans for recognizing the position of the owmn traveling vehicle
reads t hedistandesotadravelingynihide ehead 25 pusiwn travebing tvhkiclewand yedoatyi aegtrol of
vehi cl e; the traveling vehicle ftirther includes comunication
means f orthe trandingtehintp inteetrpebicduicorthefthithehe ontar-vehasle distagey edritadl ereaas
the controller on the ground; and

15 implemented based on a distance determined by the distance sensor instead of the

position of the other traveling vehicle obtained by communication.

Further, preferably, the traveling vehicle is configured to request a permission
from the controller before entry into the merging section, and the controller is configured
to provide permissions for entry into the merging section, preferentially to traveling

20 vehicles coming from a same direction regardless of an arrival order of the request, for
allowing the traveling vehicles coming from the same direction to successively enter the
merging section.

In particular, preferably, marks are provided along the travel route and the means
for recognizing the position of the own traveling vehicle reads the marks to recognize the

25 position of the own traveling vehicle;
the traveling vehicle further includes communication means for transmitting the

position of the own traveling vehicle to the controller on the ground; and



- 5- the neans for obtaining the position of the other traveling
vehicle intercepts comuni cation of the transm ssion to the
controller on the ground to obtain the position of the other
traveling vehicle. 5Advantages of the Invention [0007] In the
present invention, since the size of tHe blocking area can be

m nim zed, the nunber of_ traveling vehic¢les that can ss the

di ver gi ng sectthemeaps for @biaring g ositipn § th@éﬁh%éra?’ﬂ&ge‘%g@z‘? IniEreepts

i nprovenent in the systemefficiency is aﬁhi eved. 10%000@]. ..
Furt her, gommpacationd[the BRSSP tg’%%ﬂ*iﬂff) # e SropEfite PRfel the gpgiion
control area, by inplenenting only velocity control based on the

di st ance Qféh@ﬂﬁhﬁh’é@’e’bygtvﬁ]@‘?]@i stance sensor, the control can be
sinplified since it is not required to obtain the inter-vehicle

di stance to the | eading traveling vehicle by conmunication.
15Further, by giving perm ssions for entry into the nerging section,
pr ef 8r ent Adivanjages of maeteniign vehi cl es coming froma sanme direction
regardl ess of an arrival order of the request, for allow ng the
travel i ng0V@Hi cl es coning fromthe sane direction to successively
enter the nmerging section, the nunber of traveling vehicles that can
pass the mer gi Inghs presén inveation eirfcg thewize ¢fithe blagkias age a@p beminimized, the
Description of the Drawings [0009] [FIG 1] FIG 1is a
di agr am smineemtolf cavélingsiebivies ghad chayasa theodivergmgtreetcon erabe merging sdeiioh es
25according to an enbodinment. [FIG 2] FIG 2 is a diagramshow ng a
bl ocki ng @nde iacrdasad, dndtieproreimeat @ thié sytstenc effictaney i achieved.

10 [0008]

Further, in the travel route other than the inter-vehicle distance control area, by
implementing only velocity control based on the distance determined by the distance
sensor, the control can be simplified since it is not required to obtain the inter-vehicle
distance to the leading traveling vehicle by communication.

15 Further, by giving permissions for entry into the merging section, preferentially to
traveling vehicles coming from a same direction regardless of an arrival order of the
request, for allowing the traveling vehicles coming from the same direction to
successively enter the merging section, the number of traveling vehicles that can pass the

merging section can be further increased.

20
Brief Description of the Drawings
[0009]
[FIG. 1]
FIG. 1 is a diagram schematically showing a layout of overhead traveling vehicles
25 according to an embodiment.

[FIG. 2]

FIG. 2 is a diagram showing a blocking area and an inter-vehicle distance control



-6- area in a diverging section in the enbodinent. [FIG 3]

FIG 3 is a diagram show ng a bl ocking area and an inter-vehicle

di stance control area in a nerging section in the enbodinent. 5[FI G
4 FIG 4 is a diagram showi nhg a curve segnment in the enbodi nent.
[FIG 5] FIG 5 is a diagramshovng the relationship between a

controller and aqver head tra_veél gtak) hicles in the enbodi nent. 10[FI G
6] FEFEN AV ETEEHC 9f§m§ thattern of traveling vehicles

passing t ﬁéul%h the nerging section in the enbodi ment. Description of
t he nuner 5[ 0010] 2: overhead traveling vehicle system 4:

inter-bay route 6. .intra-bay route shortcut 20 .ound
control l gr FIG.3isa dgagram >slhov\ang a b?ockmg area and anumter—ve icleHistance control

area in a merging section in the embodiment.
5 [FIG. 4]
FIG. 4 is a diagram showing a curve segment in the embodiment.
[FIG. 5]
FIG. 5 is a diagram showing the relationship between a controller and overhead
traveling vehicles in the embodiment.
10 [FIG. 6]
FIG. 6 is a diagram showing a pattern of traveling vehicles passing through the

merging section in the embodiment.

Description of the numerals
15 [0010]
2: overhead traveling vehicle system
4: inter-bay route
6: intra-bay route
8, 10: shortcut
20 12: ground controller
14: overhead traveling vehicle
20, 30: blocking area
21, 31: inter-vehicle distance control area
22: exit of diverging lane
25 23: exit of merging lane
24: entrance of diverging lane

32: entrance of merging lane



14: overhead traveling vehicle 20, 30: blocking area 21, 31:

i nter-

2523:

vehi cl e distance control area 22: exit of diverging |ane
exit of nerging |ane 24: entrance of diverging | ane 32:

entrance of nerging lane -7- 33: entrance of straight |lane 34: exit
of nmerging |lane 50: LAN 51: controller-body 552: conmunication

i nterface

ki ng controller 54: optical distance sensor

53: hl
55: abso|?{§t1§nﬁ5wt0?8ﬁal§€tﬁ§%f‘r 56: mark

10

15

20

25

34: exit of merging lane

50: LAN

51: controller body

52: communication interface

53: blocking controller

54: optical distance sensor

55: absolute position sensor

56: mark

61 to 64: permission request from straight lane
65 to 67: permission request from merging lane
68: travel permission pattern in embodiment
69: travel permission pattern in conventional example
D: diverging section

D1 to D15: diverging section

M: merging section

M1 to M15: merging section

C: curve segment

C1 to C4: curve segment

Best Mode for Carrying Out the Invention
[0011]
Hereinafter, an embodiment in the most preferred form for carrying out the
present invention will be described.
EMBODIMENT
[0012]

FIGS. 1 to 6 show an overhead traveling vehicle system 2 according to the



1061 to 64: perm ssion request fromstraight |ane 65 to 67:

perm ssion request frommerging |lane 68: travel perm ssion pattern in
enbodi nent 69: travel perm ssion pattern in conventional exanple D

di verging section 15D1 to D15: diverging section M nerging section
ML to ML5: nerging section C. curve seefrent O to C4: curve segrrent

an emboc emeR AR Ebentad R %ﬂﬁri?éﬁsf%ﬁ‘ PreRrrrglin TG BRsEn:
| nventi Onused | i?orb e%cagn% Crfa'u guided2 h'lECIYBGRat travel én ’816 g,]round or automated guided
vehicles that travel without any rail may be used. FIG. 1 shows an overall layout of the
overhead traveling vehicle system. A reference numeral 4 denotes an inter-bay route of a
5 semiconductor factory or the like, reference numerals 6 denote intra-bay routes, and
reference numerals 8 and 10 denote shortcuts. The overall control of the system 2 is
implemented by a ground controller 12. A plurality of overhead traveling vehicles 14
travel to circulate along the routes 4, 6 or the like in one direction. The routes 4, 6
include straight segments, diverging sections D1 to D15, merging sections M1 to M15,
10 and curve segments C1 to C4.
[0013]
FIG. 2 shows control in the diverging section D. Control in the diverging section
D is applicable to each of the diverging sections D1 to D15 shown in FIG. 1. A reference
numeral 20 denotes a blocking area. For entry into the blocking area 20, the overhead
15 traveling vehicle 14 requires a permission from the ground controller 12. An inter-
vehicle distance control area 21 including the blocking area 20, and larger than the
blocking area 20 is provided. The inter-vehicle distance control area 21 is extended
along the entrance of the blocking area 20 and an exit 22 of a diverging lane. No inter-
vehicle distance control area is provided at an exit 23 of a straight lane. Further, in the
20 inter-vehicle distance control area 21 including the blocking area 20, the overhead
traveling vehicle 14 obtains the inter-vehicle distance to a leading traveling vehicle by
communication. The overhead traveling vehicle 14 implements velocity control based on
the inter-vehicle distance to avoid interference with the leading traveling vehicle. By
blocking control, two overhead traveling vehicles 14 do not enter the blocking area 20 at
25 the same time.
[0014]

The overhead traveling vehicle 14 determines an inter-vehicle distance with a



enbodi ment It should be noted that other types of overhead traveling
vehi cl es may be used. For exanple, rail guided vehicles that trave
on the ground or automated gui ded vehicles that travel w thout any
rail may be used. FIG 1 shows an overall |ayout of the overhead
traveling vehicle system A reference ntHreral 4 denotes an inter-bay
route of

a hsem conductor. factaqry or the |ike, reference, nunerals 6
Gonot e | HEPIDEAV Po G oling Boar By ah cavn) distaice SEah e Sul o ater, and

shortcuts. The overall control of, the_system?2 is inplenented by a
ground. coMMSER ValoCitycuTl i 2Ol BT Ro A CPRGRITS HEP GBRTIEH dhthe 4
travel to circul ate along the routes 4, 6 or the |ike in _one X

di rect i onStraigli segngrds Furthes, inghe clerse sqgmgngince dgsdiftisult i detecythedeading
sections D1 to D15, nerging sections M tqg ML5, 10and . curve segnents
d to C4.traysngyehicle by tgfr eptical diglange warry B cHvesRENentyerley Higluded i e
D. Control in the diverging section Dis applicable to each of the

di vePgi ngintssvehiskesdisiangegoptrsl appwhig igtervehicie digancervatloihe deadingdraeling
denotes a bl ocking area. For entry into the blocking area 20, the
over head vehidaiseibiaiped wheammpunigaticag aid edogtygentokisiionlemestpdtithaveidound
controller 12. An inter- vehicle distance control area 21 including

t he bl ockintegfesgnsg opthe lkad | arger than the bl ocking area 20 is

provi ded. The inter-vehicle distance control area 21 is extended

al ong t hel0@h%Y ance of the bl ocking area 20 and an exit 22 of a
diverging lane. No inter-vehicle distance control area is provided at
an exit 23 of &%hetange ghthe linderevehitle tistance tontrdherea@il wilbeebared. At the
di stance control area 21 including the bl ocking area 20, the overhead
t ra¥@l i ngenyahcel4eoflthe dbierding lanhat may de duf@hilt teedadéd napneerheas taavebagli ng
traveling vehicle by communi cation. The overhead traveling vehicle 14
i npl ementehid¢ déd diyergong frah thaldedking ateh @0ibytthe optishl disendt ®nsorce to
avoid interference with the |eading traveling vehicle. By bl ocking
control, Therefoweitheadjuiredtoedtitmg theiatvebiclkddistonsedty emtreunitdtenbFackemg
area 20 at 25the sane tinme. [0014] The overhead traveling vehicle 14
det er m neis map biertifficuly &b anl evediesd anedingiviehicke 14cdn theemdidivgofavansitieadrom
traveling vehicle by an optical distance sensor 54 as descri bed

| at er, andraighphevemest teehodng moeantntal theaexa\obile dindrginpdaren cedetddiias
control is inplenmented in the straight segnment. Further, in the curve
segm®ént , lsadiag ovérhesl tekivieling uéliicle by died @aical distah@adhsng. Theneddre Mikewise, it
vehicl e by the optical distance sensor, the curve segnent is also

i ncl uded ik fedu@d Db bbein-the hit@hehitlsdisnac: Boosmalinidated. Thkentrast, the
inter-vehicle distance with the |eading traveling vehicle is obtained
by comunéGstidad fraveliid welde14d/atahexiod3 oBthe BphighERteshntdetay tHedeading
interference or the |ike.

traveling vehicle by the optical distance sensor. Therefore, no inter-vehicle distance

control area is required at the exit 23 of the straight lane. Further, the blocking area 20 is
20 included in the inter-vehicle distance control area 21, and the overhead traveling vehicle

14a in the blocking area 20 obtains the position of the leading overhead traveling vehicle

14¢ by communication.

[0016]

In the inter-vehicle distance control area 21 including the blocking area 20, each

25 of the overhead traveling vehicles 14a to 14c¢ obtains the distance to the leading overhead

traveling vehicle by communication, and implements velocity control in accordance with

the distance. When the overhead traveling vehicle enters the blocking area 20 from the



[ 0015] The range of the inter-vehicle distance control area 21 wl|
be described. At the 10entrance 24 of the diverging lane, it may be
difficult to detect an overhead traveling vehicle 14a diverging from
the bl ocking area 20 by the optical distance sensor. Therefore, it is
required to obtain the inter-vehicle dilffance by conmuni cati on.

e, m dar €vBFoy e et b B8 o B RO EHE I ob Gy g SO SRERE

at the exit of the divergqi | ape, t et ect. a 15l eadi ng over head
ravel i nahe g opgollshd o gtheadhe by B Elnduiiels Btk aftopfic biocking
i kewi se, it és requhé d to.obtain the inter-vehicle diatapce Qg
conmuni caFHAY: thiorshaddeavelingehigle raness the GrrePs pRUPanE velogiy et he
exit 23 of the straight |ane can detect the |leading traveling vehicle
by the opfPeaf cqteollsh b asd r@ﬂfﬂ?@ﬂé@ prol 2 drsecininat the bicking adkesitance
control area is required at the exit 23 of the straight |ane.
Furtfer, B968mBVaeatng area 20 is 20 included in the inter-vehicle
di stance control area 21, and the overhead traveling vehicle 14a in
t he bl ocki®f§7larea 20 obtains the position of the |eading overhead
traveling vehicle 14c by comunication. [0016] In the inter-vehicle
di st ance cont rBIG. drshaws tontpd iy Hierpersing spetisidyIn g hay @atrpbis cegapnlyps of
t he overhead traveling vehicles 14a to 14c obtains the distance to
t he | eadianplieaide Hethe mergiveg seatigngy MHi o1 1 by Adeleraiss sempigh30 denptes 2
i mpl enents velocity control in accordance with the distance. Wen the
over head hleelieg hisg. Wrengheoesihead sravplengovahedds ) eateesdheblotkisgardas, 2 10-
entrance of the diverging |lane, the overhead traveling vehicle
obt 4P ns apeperssiondiam tifergroundeongrobemi? s oeauirst lbeforgiznd WAarintehaeligler head
traveling vehicle gets out of the blocking area 20, the overhead
t ravel i ngdistehdecdontrobyez B istiresestioves an appagneliding srecblocdingirey 30,and e ger
ground controller 12, and the ground controller 12 detects that the
bl ocki ng thretheddodkerane3V.athninterf @ikl distance coiirgl arga $howhtidepan ash at n
the nerging section M This control is commonly applicable to the
mer gi ng stheenmaxeBL of @ ik ing Aaneafféhe nc eblndlireg atea 30 add notws adthsl ez Bitrog
area. \Wen the overhead traveling vehicle 14 enters the bl ocking area
30, a 10pée biceRingraréa 3 $ihee the eninghce GAtaf thd eergin? lase is @onmidesidn a curve
bef orehand. An inter-vehicle

15 segment, the entrance 32 of the merging lane is included in the inter-vehicle control area

31. It should be noted that the entrance 33 of the straight lane of the blocking area 30 is

not included in the inter-vehicle distance control area 31.

[0018]

In each of the cases of FIG. 2 and FIG. 3, the length along the traveling path of

20 the blocking area 20 or the blocking area 30 is substantially equal to the length of the

vehicle body of the overhead traveling vehicle 14, and this length is the minimum size for

avoiding interference between the 1 overhead traveling vehicles14. Further, in the inter-

vehicle distance control areas 21, 31, the overhead traveling vehicle 14 obtains the

distance to the leading transportation vehicle by communication, and implements velocity
25 control based on the distance to avoid interference. The entrance 33 of the straight lane

of the blocking area 30 is not included in the inter-vehicle distance control area 31. It is

because, in the presence of the blocking area 30, the traveling vehicle that has traveled in



di stance control area 31 is present over an area including the

bl ocki ng area 30, and |l arger than the bl ocking area 30. The
inter-vehicle distance control area 31 includes an area at the
entrance 32 of a nerging | ane of theblocking area 30 and an area at
the exit 34 of the blocking area 30. Sildee the entrance 32 of the

nerging lane is provided in a.curve 15. nt., the.entrance. 32, of

The g i Sraina g be i Mens P ik TR e R E RSP R A 10808 | ¢
shoul d be noted that fhe entrance 33 of the straight ., |lape of th

ol ooki ng RIS OVFacHLENREE YugSi A2 LS raHte At e frh b4 b ey Bereios Tane
control area 31. £0018] I n eacH of the CaSﬁS of. FIG 2 q&%.FIG. 3,
the | engt9Pmassrm theenfirageeis Highe meraing lappthe legfing trayg/ing wehickymay nphbe

bl ocking area 30 is substantially equal to the | eng of. the vehjcl
body of tdfectRaowie s Y@%P?W@S\?@WP@F%’ guent ﬁf“{la’lts tljrﬂéﬁfr‘&fﬁ tﬁ% e’fih%‘f of
m ni num si ze for avoiding interference between the 1 overhead

travel i ngthe arirging sang 1s Fﬁﬁldﬁéil} the pnterygelicle distange petTad aggeStlance contr ol
areas 21, 31, the overhead traveling vehicle 14 obtains the distance
to the | e@@iPy transportation vehicle by conmunication, and

i mpl ements velocity 25 control based on the distance to avoid

i nterference. Fie dethowanorirdan gie qupve ssemgnight In Hestraight ¥8msnoaki ng
area 30 is not included in the inter-vehicle distance control area,
31. It i sddsenibadsabové,ribe heeriwaddeavelingorehicie 14 delekmings Hiedistage tq His leading
traveling vehicle that has traveled in the straight segnent can

avoi d i ntearfsporatza wehicte bihehe loptiek] distance serisphip inphinedné velpeify ersitrol. whethe
t he overhead traveling vehicle 14g that travels at the exit 34 of the
mer g0ng | amee sapmesit Cr gnvd i eagberdificelt 8pdegect theleading iragspogaion Yehicle by

| eadi ng traveling vehicle may not be detected until the vehicle body
i s conpl ethelopticel idestired setsonitigghinter-Tebickef distancetih detesniine@lly edmBupigation to
merging lane is included in the inter-vehicle distance control area
31. [ 0019%mplement veloGity 4osthaws control in the curve segment C. In the
strai ght segnent, as described above, the overhead traveling vehicle
14 det er njooe8] t he di stance to the | eading transportation vehicle by
the optical distance sensor to inplenment velocity control. In the 10
curve segnent &s asesubefitheseapedatond] fif the sirdightsegmtric basidadly) ietediersce
transportation vehicle by the optical distance sensor, the

i nt @5- vehiwidande b aceptical dlghmrersensd idyerfoomedinIct icorvetsegren) therent
velocity control. [0020] As a result of these operations, in the
strai ght gieeiEit sechi@sios Bikd ierginpt seiiqr, @neerence avoidance based on the inter-

vehicle distance determined by communication is performed. Blocking control is
implemented only in the minimum requisite range, i.e., in the blocking areas 20, 30. In
general, since only one overhead traveling vehicle 14 can travel in one blocking area at
20 one time, the size of the blocking area is inversely proportional to the number of
overhead traveling vehicles 14 that can pass through the blocking area. In the
embodiment, the number of overhead traveling vehicles 14 that can travel within the
blocking area 20 or the blocking area 30 is increased to improve the throughput of the
system 2.
25 [0021]
FIG. 5 shows the relationship between the ground controller 12 and the overhead

traveling vehicle 14. A reference numeral 50 denotes a wired or wireless LAN. For



15avoi dance by the optical distance sensor is performed. In the curve
segnent, the diverging section, or the nerging section, interference
avoi dance based on the inter- vehicle distance determ ned by

comuni cation is perforned. Bl ocking control is inplenmented only i
the mininumrequisite range, i.e., in tliRe blocking areas 20, 30 I

8‘32%?2;:@%%81%3%?% %&%érei PcothE s LI T %P%eﬁ'slﬁl Aok 3y

'12:5%2? cANSS h;%? Bl AP AT A1 e@;@cfﬁﬁﬁh otk th%r 1?5%8
14

o1 ookl ng. BFTAMIDBIoT HEFIED SR AL §{ﬂg§m§§ofﬂ§3¢%§?e;§s§chklm“s“mtapﬁ&é§r@ﬁe

throughput of the s 1 a feeder bl e
a non- contigie d F‘@é‘&@glwg%fg%rethﬁﬁg’[cg L?&e@dm[?ft?%ﬁﬁfn@“%ﬁeé&%%{[:wﬂ‘e% or ot
wi reless LAN may be  adopt instead of the.wred L The round
cont Pol | eWhep thf-‘abéo%l%ﬁ%m?%ﬁ BiTeivRR %?F‘éi?é’“éﬁq%eﬁtf%%ﬂ&
controller 53. The bl ocking controller 53 .stores data.as toq vvhetcp
the bl ockir#igling yghiols &t tbﬁglosklaswpﬁf@o L#éé isgpes EaveE pRIBHSIPIS AN Agsordance
5When t he block%vg1controller 53 receives perm ssion requests from
t he over hwih agy: qﬂh‘}j’ d&#Tcl es 14, the bl ocki ng controller 53 issues
travel perm ssions in accordance with a predeterm ned order. [0022]
In the ar@®82bther than the inter-vehicle control area, the overhead
traveling 10 vehicle 14 determines the inter-vehicle distance to the
| eadi ng over helithe peeas pihsgihge ecdnierwehigly controlires de oveshead dveligs or
54 such as a | aser distance sensor. |t should be noted that a
supdPsoni vehitle 4 determsinns the, inter-wehielo Wesance fa theeadingeoisaicas trayeling vekisle
may be used instead of the optical distance sensor. Marks 56 such as
nmagnet i ¢ wangkan apticapdistaherestnsgroviguchas ¢ fasgredistangesepiort Hehppll be gptediibat
overhead traveling vehicle 14, and an absol ute position sensor 1555
i s used tosuErmoic difiencesersorsomicsewaie dstaiosi senscanr Hisdtheuray beoused instead
of the overhead traveling vehicle 14. Alternatively, conb teeth |ike
mar ks mayohtbe optich! distanhe senapk SMbaks SPisaclossonbgnstic rmagkscare prpwdsdialong the
reports its own position and velocity determ ned by the absolute
posi ti on wevedoril &3he bke bethg owemhdadcoanelio velicle A 4¢ m%mga’vsome PosiioBGEensor
The overhead traveling vehicle 14 intercepts the current position and
vel d6i ty Bf istused at detect Bpovankk éadort deparatiiing aw ebiobite pasiticrooitbe overhersl
the inter-vehicle distance, and inpl enent

traveling vehicle 14. Alternatively, comb teeth like marks may be used as the marks 56.

n
n

The overhead traveling vehicle 14 reports its own position and velocity determined by the
absolute position sensor 55 to the ground controller 12 through the LAN 50. The
overhead traveling vehicle 14 intercepts the current position and velocity of the other
20 overhead traveling vehicle 14 to determine the inter-vehicle distance, and implement
velocity control to avoid interference.
[0023]
FIG. 6 shows a pattern of permissions issued in response to blocking requests to
the merging section M. There are two options for the merging section M, i.e., whether a
25 priority is given to the overhead traveling vehicle coming from the merging lane or the
overhead traveling vehicle coming from the straight lane. A reference numeral 69

denotes a velocity permission pattern in a conventional example. Permissions are given



velocity control to avoid interference. [0023] FIG 6 shows a
pattern of perm ssions issued in response to bl ocking requests to the
merging section M There are two options for the nerging section M
i.e., whether a 25priority is given to the overhead traveling vehicle
coming fromthe nerging | ane or the ovdidhead traveling vehicle coning
fromthe s%rai ht Lane. A reteiencg n neralr6? d%%?teﬁ a %glgcit%
per mi ssi off FREERFIISSOTeRSAT AR AT X Ehraest BEFm si1B 78NS agigpee
-1 3- to trave rm ssion requests in the. order of. th arl.i est
- ecopt | USRS & Blhely B Rk Son BulsS s ShbRtinisd LIh b gre
perm ssion pattern in the enbodi nent. Per.m ssions are preferentially
given to R{Si%ﬁ‘?“%’@ﬁ}s BIVEB U BEPUSSIULASATESET SHRIPR ZOUL e SRR Bnfdiee &
perm ssi on has.alreag been gjven. 5[0024] As shown on the |ower side
of FIG eberissjon hgsa g?éiéﬁ’leﬁ%g“’ﬁ%r m ssion requests 61 to 67 have
reacged ;&ﬁgggntroller 12 separately. Reference nunerals 61 to 64
denot'e p t'$si on requests fromthe straight |ane, and reference
nunerals 65 to 67 denot Qernis ion requests fromthe nerging | ane.
Since the bl ocRp BPELM &m per stde of FIG gylt 1psauRed ibat pEwIssERIEQEPE A1 to
request 61 fromthe straight |ane, the hlocking contraoller 53 gives a
per m ssi ofY havereagheh the coplrplla 1Pasprrately. divdersacs Brnaals b dx Phgenaie | s
assunmed that the perm ssion request 65 fromthe nmerging lane is
recei ved Reimissigm rpquestsdram theshimicdt langpad saferangg p@ﬁerﬁl@cﬁ%etgtﬂ@zn@tﬁom
the straight lane is received. In this case, a priority is given to
t he per ni ESMaHionggauests T thegnergingdprght Sinegae hioskisggopeliar Sdifspthhas
been given to the 15previous re?uest. In the absence of any other
per M ssi oceivedidispenrister rasues 6] it the sinaighplane the blosking gortsalles 33 jgives
rel eased, a permssion is given to the perm ssion request 65 fromthe
mer gi ng | apRSMISiaca respenisep s iqoest.rand pesorngsblpeling.t Hés ssume@hat thane
and the perm ssion request 66 fromthe nmerging | ane have reached
bef ore bl psehisspnfrequesh@’ femithe ietging bgeadstecdsed igitiady canslglierealter, the
perm ssion is given to the perm ssion request 66 from 20t he nergi ng
| ane. Af tparmifsookeqgst @ fromghestraightdanens resgivedt Iiodus ease, @l prrsiéylis given
perm ssion is given to the perm ssion request 63 fromthe straight
| ane. | n tohke peanssionereqidst ahjfropestraigls lamr whegue pernbssidn lmnbedregiven gi the
| ane is received, such a perm ssion request is suspended, and a
priodity prsviguyvequesd. fihthepbsencs of oty atberpeshisidn fequestttieéors blokmlgtfor the
| ane. [0025]

permission request 62 is released, a permission is given to the permission request 65 from

the merging lane. Since the permission request 63 from the straight lane and the
permission request 66 from the merging lane have reached before blocking for the
permission request 65 is released, a permission is given to the permission request 66 from

20 the merging lane. After blocking for the permission request 66 is released, a permission
is given to the permission request 63 from the straight lane. In the meantime, if any
permission request 67 from the merging lane is received, such a permission request is
suspended, and a priority is given to the permission request 64 from the straight lane.
[0025]

25 In the algorithm of processing, a priority is given to the permission request from
the lane where a permission has already been given to the previous permission request.

In this manner, since permissions are given successively to permission requests from the



251 n the algorithm of processing, a priority is given to the

perm ssion request fromthe | ane where a perm ssion has already been
given to the previous perm ssion request. In this manner, since

perm ssions are given successively to perm ssion requests fromthe
-14- sane | ane, the overhead traveling-ehicles 14 can travel nore

efficiently i.n the bl ocki.n rea 30. [0026] In the odj nen t he
Fol | ot ngreinsyAne e e ik B iotes 5 e hrauh i SFIES R B bioting
bl ocki ng aregﬁ 20, 30 are mnimzed, the nunber of overhead traveling
vehi cl es ¥4 fhat can pass through the bl ocking areas 20, 30 per unit

tinme is ig@&gﬁsed, and inprovenent in the transportation efficiency
i s achi eved: (2) In the straight segnent, since interference is

avoi ded using the optical distance,sensor 54, processing is
Sl 11 ed.  Jorafe PROpREenh s RERING B aresseEoRgE ol Jar oa such as
the curve segnent, the divergi section, _and the, merging section
repogts of posil isawgﬂe’ﬁSlé%ﬁé}f%@%}g%l?%%qe%@:@@mm&w%ﬁ%@ne EF el | er

are intercepted by co nication to inplement inter-vehicle distance
control . 9yrhesd teyelingyenidhescldipat o passihtaveh tie tladdngareasdh 0 pgr umt
di rect conmunication between the traveling vehicles 14, conmuni cation
traffic ofimekeinEApsedoandsmprovemeap i the transporiation effickachisraghisyedsect i on,
bl ocki ng perm ssions are given preferentially to the overhead ‘
travel i ng vehi & é%thewgﬁfgégseémep SIngp FHeTRRIeReEds PRI wing the opherd distanse
Therefore, the overhead traveling vehicles can travel through the
nergi ng s¥88AToYY, BIpCessEefip simuified. 1t shoul d be noted that the
over head traveling vehicle 14 reports its own position 20to the
groliBd cont r ol {331n the intgryehicle Wistance gortrol pese sveh awide conviesegmenthide
inter-vehicle distance control areas 21, 31

diverging section, and the merging section, reports of positions of overhead traveling

vehicles to the controller are intercepted by communication to implement inter-vehicle

distance control. In the system, in comparison with the case of adopting direct

communication between the traveling vehicles 14, communication traffic of the LAN 50
15 is reduced.

(4) In the merging section, blocking permissions are given preferentially to the
overhead traveling vehicles that enter the merging section from the same lane. Therefore,
the overhead traveling vehicles can travel through the merging section more efficiently.

It should be noted that the overhead traveling vehicle 14 reports its own position

20 to the ground controller 12, and such a report may be made only in the inter-vehicle

distance control areas 21, 31.



- 15 - CLAIMs [T aim 11 A traveling vehicle systemconprising a
plurality of traveling vehicles, a trq el route including at |east a
di verging section and at |east a nmergi'hg section and at 5l east a
controller on a ground, the traveling vehicles traveling along the
travel route under control of the controller; the traveling
vehi cl es havi ng nmeans for recogniziﬁgﬂﬁNﬁpsition of own traveling
vehi cl e, nmeans for obtaining a position of other traveling vehicles
by conmuni cation, and a di stance sensor for detecting a distance to a
traveling vehicle ahead of the own traveling 10vehicl e; an

R G L SRR e M

bl ocki ng*area, “ an en nce o

o ot g A b BN BB Sy PR SRS
S el B S BRTRL S I e B ESI SR
configured t ntro# ghe velocity of the traveling vehicles in the
|nter-veﬁ@gﬁgoigﬁ?P8 O%fea by determining an inter-vehicle distances

bet ween the traveli vehi.cl es .based t he pasition, .of other .
Cravel i ng vehit Gebt Xeidhs By ingRemsintiacaatiron canational PRE arengd
osition aof. the o traveling vehicle, 20to enter.the bl ocking area
PEEh: bt aHielgmeRr I SR e it P IBHe,vehisles by Compstinp B
the velocity of the travelin ehicles in the traveli out e ot her
hon 't hosthase sempt 1o deeritor SSrase Bl obie s A abe Sty Gotiine
t he di stance sensor instead of the positions of other traveling
veﬂpclesvaﬂFﬁined by communi cation. 25[Cl aim 2] The traveling vehicle

system according to claiml, the traveling vehicles being configured
to request peaﬂ?rggﬁ*ﬁ%ﬁ? H%Fﬁ“?‘h‘éorﬁ%ﬁfreélmg’ﬁtﬁl@FldPBteeCHﬂPFSinﬂtaBbﬂ ing
nmergi ng section, the controller being configured to provide .

per mi ssi 8ff& FoFtBRES gﬁﬂ % VB S eRReTy P it of agws%r%%kap%ﬁf the diverging
preferentially to traveling vehicles comng froma sane direction

r egar di eSECHOM AfPIEFd FRIHNCRHIHEF Merein® secfigh Alsyrat ITqmp theqnpigiie geioe and a

traveling vehicles comng fromthe sane direction to successively
enter t hEUWiYed §eampendaeiisref the blocking area comprises the diverging section and the

15 merging section,
wherein the traveling vehicles are configured to control the velocity of the
traveling vehicles in the inter-vehicle control area by determining an inter-vehicle
distances between the traveling vehicles based on the position of other traveling vehicles
obtained by the communication and the recognized position of the own traveling vehicle,
20 to enter the blocking area with obtaining permissions from the controller, and
to control the velocity of the traveling vehicles in the traveling route other than
the inter-vehicle control area based on distances detected by the distance sensor instead

of the positions of other traveling vehicles obtained by communication.

25 [Claim 2] The traveling vehicle system according to claim 1, the traveling vehicles being
configured to request permissions from the controller before entry into the merging

section, the controller being configured to provide permissions for entry into the merging



5[Claim 3] The traveling vehicle systemaccording to claim1, marks
bei ng provided along the travel routegszand the neans for recogni zing
the position of the own traveling vehicCle reading the marks to
recogni ze the position of the own traveling vehicle; t he
traveling vehicles further including conmunication neans for

transm t {deign thereRAGANY RN Ak]ih P Self¥Bs Ec{rﬁ%@lﬂoﬁga V&R Ghr&ctiof rEdd®dless of an
controller; and 10the 'means for obtaining the position of other

travel i ng NehhAEESE thdteRhESO M AGNIHR HGRL Y Rc1dsh®nlih lﬂﬁm HS ke t O

the controller to obtain the position of the other traveling

vehi cl esdir&c@oﬁit@k&}cga@i‘ﬁefﬁé‘rﬁ& tﬁgﬂlteféq}rl]%%ﬁﬂgd in a traveling vehicle

systemfor a plurality of 15trave vehicles traveling along a
travel route including at |east a diverging section and at |east a
mer gi ng section under control of at least a controller on a ground,

t hegmet hgﬁ?@? g?:']['(l:aléh geﬁr{éeveg&?@sq‘ys%frﬁ accordin%g)e(ﬁéig{"ﬁtnileﬁgs @Qngéﬁ)@i&fd the

travel r ing-a diverging section and d nerging~Section as

a bIockiggngﬁﬁqnwég%g§jg&?&k%&mﬁgﬁﬁ&gﬁgﬁﬁgkﬁﬂéggﬂﬁ&?09£9%§EQﬂwgﬁ of

an entrance-of t I'Vérging section, a diverging

‘he di - e . : fion.
T o
i nter-vehicl [ - ea: al | ow ng. ' i C|

to travel al ofs THEREEWBIH Bid Pname QMG IR s ntbitE §°
di st ; % j t0. .a t | i hi cl head
oS e R by TSR LS sl 2L, Vil e, anead
el 09 bR B S S R G e

t i hicles in t i.nter- icl j tral t

det or m neoTREER 00 Tnd Dinlaibe b e Fudedlel TR T v oo ity s - om
t he position. of IFer travel i ng vehicl es obtained by the

communi ¢ FF%Wgaﬁﬁmfﬁe recogni zed position of the own traveling
vehicle to inplenment velocity control of the own traveling vehicle
for

[Claim 4] A travel control method in a traveling vehicle system for a plurality of

15 traveling vehicles traveling along a trave] route including at least a diverging section and
at least a merging section under control of at least a controller on a ground, the method
comprising the steps of:

designating an area of the travel route, including a diverging section and a
merging section as a blocking area,

20 designating an area including the blocking area, an eatrance of the diverging
section, an exit of a diverging lane of the diverging section, a curved entrance to the
merging section, an exit from the merging section, and a curve segment as an inter-
vehicle distance control area;

allowing the traveling vehicles to travel along the travel route, the traveling

25 vehicles having a distance sensor for detecting a distance to a traveling vehicle ahead of

own traveling vehicle, means for recognizing a position of the own traveling vehicle, and

means for obtaining positions of other traveling vehicles by communication;



Savoiding interference with other traveling vehicles; al | owi ng
the traveling vehicles to request perpgyssions fron1the controller
before entry into the blocking area, and allow ng the traveling
vehicles to enter the bl ocking area after obtaining the requested
perm ssions; and allowing the traveling vehicles in the travel route

ot her than thﬁlld)\ﬂfn rthéfﬁﬁueﬁhgva%veﬂme%tmlﬁ&é dRf58e EshioTRIGREN!
vel ocity control the own traveling vehicle based on the distances

det ect eddaxnﬁlh@ lme%tv@ma% BEAREE bltReePMRittyBithd Ve ESE ARG Wsiddnreher
travel i ng vehicl es.

other traveling vehicles obtained by the communication and the recognized position of
the own fraveling vehicle to implement velocity control of the own traveling vehicle for
5 avoiding interference with other traveling vehicles;

allowing the traveling vehicles to request permissions from the controller before
entry into the blocking area, and allowing the traveling vehicles to enter the blocking area
after obtaining the requested permissions; and

allowing the traveling vehicles in the travel route other than the inter-vehicle

10 distance control area to implement velocity control of the own traveling vehicle based on

the distances detected by the distance sensor for avoiding interference with other

traveling vehicles.



