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| NTERFERENCE W TH TRAVELI NG VEHI CLE 5Fi el d of the Invention [0001]

" The present invention relates to a traveling vehicle system In
particular, the present invention relates to detection of obstacles.
10Background Art [0002] In a known techni que, as an obstacle
sensor, a distance sensor such as a | aser distance neter is used. A
monitor area, e.g., having a sector shgpe is scanned by the distance
sensor, and a distance and an orientation to an obstacle are

determ ned. 15Cbstacl es detected MEXGRIPEERN acl e sensor do not al ways
interfere with the traveling vehicle, and sone of the detected

obst acl es A VIFING YR EeS V5 TRMAND METHOD QF AXQIPING INTEREERENGE s

t he obstacl e sensor detects gbstacles over _a wi de range of angle. For
exanpl e, the obstacle sensor Witk GVEEUCHEat are posi ti oned on
a side of a travel route of the traveling vehicle, and do not
interfere with the traveling vehicle. 20[0003] In this respect,

Pat ent. Publ.i cat 1 (JP2002-215238A) proposes to store a plurality
of patter ngleg‘f‘fcﬁg?nlé%?q("(?ﬂ areas, and select a pattern of the detection

area in coLdOﬁZEondence with the position of a traveling vehicle.
Anong obst ac detected by an obstacle sensor, only obstacles within

the detection affa,@lf: dGiRbATES B8 «36d4R Vehicle system. In particular, the

present invention relates to detection of obstacles.

10 Background Art
[0002]

In 2 known technique, as an obstacle sensor, a distance sensor such as a laser
distance meter is used. A monitor area, e.g., having a sector shape is scanned by the
distance sensor, and a distance and an orientation to an obstacle are determined.

16 Obstacles detected by the obstacle sensor do not always interfere with the traveling
vehicle, and some of the detected obstacles may not interfere with the traveling vehicle.
It is because the obstacle sensor detects obstacles over a wide range of angle. For
example, the obstacle sensor detects obstacles that are positioned on a sidé of a travel
route of the traveling vehicle, and do not interfere with the traveling vehicle.

20  [0003]

In this respect, Patent Publication 1 (JP2002-215238A) proposes to store a
plurality of patterns of detection areas, and select a pattern of the detection area in
correspondence with the position of a traveling vehicle. Among obstacles detected by an
obstacle sensor, only obstacles within the detection area are determined as actual

25 obstacles. However, it is difficult to store a large number of patterns of detection areas.
Therefore, optimum patterns may not always be available. For the sake of safety,

excessively wide detection areas may be used, As a result, the distance to the leading
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250hst ;{%%eguﬁﬁé%\?%ﬁ it is di H PEEJ'It th store a_%ar ge nunper of
patterns of detection areas. Therefore, optinmum patterns may not
“al ways be available. For the sake of safety, excessively w de
detection areas nmay be used. As a result, the distance to the |eading
-2- traveling vehicle becones excessively large. Further, in
practice, obstacles that do not interfere with the traveling vehicles
are detected as well. In order to avoig.collision with such
obstacl es, unwanted decel eration control or the |ike may be
i npl ement etfavefing velfigle becomep excessivelydpey. Furthendn prestics) ebstgclpethatdamnot
system becorrer%éel ow, |f tge detection 5area is narrowed for H‘i ving a
priority oftterfee with fheiteameling vabigles am detectedipavell. tIn erdshinaypidesllisign wath be
detected may, exi st undesiraply. Summary of the |Inyention [0004] 10An
obj oot ~of | Pifk CHades Ry e RS Frede g e TRPed ol -

di stance befween t.raveling,vehicles n enerate an ar for .
etect i ng ShER e Rifandyin Gry SR vl S¥0og] Secpmafion dfte fesson of

t he present i nventi i S.to provide speci fi t hod to achieve the
above Sbj oties MR e Rt ARG B PR Gney, Sl nalet hite R oShoine
present in ' ' ,hg vehicl e having an obstacle
sensor forxﬁgb%%ﬁeheg&gy%‘?s%@n‘%@@%{%ugh obstacle and an orientation to
the obstacle. The system further includes: a map nmenory configured to
store a map of a travel route of the traveling vehicle; a detection

area gener 8hmaUtihui&fioh © repeatedly generate a detection area
from 20t he nap based on a current position of the traveling vehicle,

decel erati pjogf the traveling vehicle being required if any obstacle
is present in the detection area;
10 An object of the present invention is to shorten the inter-vehicle distance between

traveling vehicles, and generate an area for detecting obstacles without any dead angle.
Still another object of the present invention is to provide 2 specific method to

achieve the above object.

[0005]

15 A traveling vehicle system according to the present invention includes a traveling
vehicle having an obstacle sensor for detecting a distance to an obstacle and an
orientation to the obstacle. The system further includes:

a map memory configured to store a map of a travel route of the traveling vehicle;
a detection area generator configured to repeatedly generate a detection area from
20 the map based on a current position of the traveling vehicle, deceleration of the traveling
vehicle being required if any obstacle is present in the detection area;
an interference detector for detecting an obstacle in the detection area, among
obstacles detected by the obstacle sensor; and
a travel controller configured to control deceleration of the traveling vehicle for
25 preventing interference with the obstacle detected by the interference detector.
[0006]

In the present invention, the detection area is generated in real time, and obstacles




Fronm: . 52 P Tg:D & Napi G 2011/01/13 12:3 #600 P.005/022
an. | nt 5%eﬂ%§é¢§§§ct or for detect] nga 1r‘lerosiast acle i n the de? ection
area, anong obstacl es detected by the obstacle sensor; and

“atravel controller configured to control deceleration of the

travel ing vehicle for 25preventing interference with the obstacle
detected by the interference detector. [0006] -3- in the detection
area are detected by an interference detector. If it is required to
avoi d the obstacle, deceleration contrgd. is inplenented. Since the
detection area is generated in real tine, the detection area is,
opt i num f o thadetsetionregaredetacted by an interfarence detectr. I it &5 raquired ¢ avoid the
excessively |l arge detection area |s used, the inter-vehicle distance
i s shor t en&bstackn degelsation couteyl isdmp eg}egwgysinge {hadetsction aregjisgeperated in

i ositjon on.the travel route, no dead

det ect i b d th
angl e is prELORE OISR Ao HELEPEe PPiGRy A the travel ssy it RipCe ( he

ange. aheado SR FaRdeleRir A EHiet b PP Taail sffone il

t | ' . . . f h b t he. posi L. f

he. crven AR SR s laRiel snc BAARRp T AR A3 e BBE PR v
ravel I'ig i HE A peS it R

vor oci 1y of HE e SH SR BB AR BB HRASIETS f o ence range,

desi gnat es @ja7prea cl oser to the traveling vehicle in conparison with
the position of the front end as the detection area. 15[0008]

Further, preferphfefably, R defe@N& arbLsHnbratod & aaqﬁgued ﬁi feFiing gn &@&fe'*e%ee
I al ght or

for allowng the traveling vehicle to nove st Iverge trom

the di ver gidige 82l bfthe tratilink Rehigle WaGleiMBrf@ERB vEANRE MvRling vehfcRithiyour ed
to generate the detection area in the vicinity of the diverging

sectitl, ustdug frontlihe @tpibasedion thdyicsiion BEtht travedihg Rehidle HefehBint b PYfich

t hrough the dirverging 20section. In this nmanner, a range where

i nt er f er encfa frant end ofithe aaveling velddle ghai the traselinl eclicle stops iReddEAcurfeat
exanpl e, when the traveling vehicle diverges fromthe diverging
section, aveletityofithertraveling whizlegatde tith ivterfeieng rangepddsignates ansdrencudosed

the straight direction is positioned at the center is generated, and
when the t fethetrayeling sehiicle in qpmpasisontwith thtpositionofithie fiontend; as thregletegtion
section, a detection area where the straight direction instead of the
25di ver gi n&™&i rection is positioned at the center is generated.

(0009 [0008]

Further, preferably, the travel route includes a diverging section for allowing the
traveling vehicle to move straight or diverge from the diverging section, and the detection
area generator is configured to generate the detection area in the vicinity of the diverging
section, using a direction in which the traveling vehicle travels through the diverging

20 section. Inthis manner, a range where interference may occur can be designated as the
detection area. For example, when the traveling vehicle diverges from the diverging
section, a detection area where the diverging direction instead of the straight direction is
positioned at the center is generated, and when the traveling vehicle moves straight
through the diverging section, a detection area where the straight direction instead of the

25 diverging direction is positioned at the center is generated.

[0009]

In this specification, description regarding the traveling vehicle system is directly
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T"’"S“T‘ %?"?%?ﬂﬁe et hod of " avan & ﬁ%lelrnt or feramee it IE e

travellng vehicles, and conversely, description regarding the nmethod
“of avoiding interference with the traveling vehicles is directly
applicable to the traveling vehicle system Oher features, elenents,
steps, characteristics and advantages of the present 5invention wll
beconme nore apparent fromthe follow ng detail ed description of
preferred enbodi nents of the present ipyention with reference to the
attached draw ngs. Brief Descri“g‘;éon of the Draw ngis [0010] 10[FIG
1] FI @pplicapls to;thp msthed of aypiding intrsterenee with thevraveling veldples laad
according to an en‘qul ment. [FIG 2] FIG, 2,is a flow chart show ng
an i nt er f ercemeEselyy geserptios r%aaglwa iy mepmdpﬁévq@memmmtqwgav@g
FIG 3 is a diagrams ection area in the case where the
travel ing \YEWF'E?@%GFQ}EWQBQ‘%P&GM tveRegehiglesetemon. [FIG 4] 20FI G
?r :i\s; e?i glgagr am %rt]he\xl'mfea%res, ggﬁlgxﬁé Ist%Bs %ﬁa?gctelznrémt:sha%d agéa%ta\é@segf%het pr}'gsent

5 invention will become more apparent from the following detailed description of preferred

embodiments of the present invention with reference to the attached drawings.

Brief Description of the Drawings
[0010]
10 [FI1G. 1]
FIG. 1 is a block diagram showing a traveling vehicle according to an
embodiment.
[FIG. 2]
FIG. 2 is a flow chart showing an interference avoidance algorithm in the
15 embodiment.
[FIG. 3]
FIG. 3 is a diagram showing a detection area in the case where the traveling
vehicle diverges from a diverging section.
[FIG. 4]
20 FIG. 4 is a diagram showing a detection area in the case where the traveling
vehicle moves straight through the diverging section.
[FIG. 5]
FIG. 5 is a diagram showing how the detection area changes in the case where the
traveling vehicle diverges from the diverging section.
25 [FIG. 6]
FIG. 6 is a diagram showing the position of a traveling vehicle and the change in

the detection area in the case where the traveling vehicle is decelerated upon detection of
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vehirgriI etggr\n\j;ﬂeﬁgﬁuﬁga%gmt t hr ough l%hgemdFvé“rjlgeirng sectzl on. fFI é 5] /

FIG 5 is a diagram show ng how the detection area changes in the
case where the traveling vehicle diverges fromthe diverging section.
25[FI G 6] FIG 6 is a diagram showi ng the position of a
traveling vehicle and the change in the detection area in the case
where the traveling vehicle is decel erated upon detection of -5- an
obstacle in the detection area. EMBODI MENT [0011] SHereinafter, an
enbodi nent for carrying out the present invention in the nost
preferred fppebstagld in thedetrstion 4rpeed. The scope of the invention shall be
determ ned according to understanding of a person skilled in the art
based on the description of the clains in consideration of the
description_of the specification and techniques known in this

t echni cal #@@ﬁQDH4§F%012] FIGS. 1 to 6 show a traveling vehicle
systen1acc&&ﬂ5£g to the enbodinent. In the enbodi nent, overhead
travel ing I‘cl es are described. Alternatively, rail guided vehicles

o e o HR R e o R i O e prespE ITRBHIOBANtES Batar o
t t atli i cl t 1. 15t 1 dicl. )

or odot er i RiSGRHavEr Ao ESerbe R ERAh o venich Rl BEdePrmibed eni o1 o
2vor dance. ayoriiiotaBR RS &aorsdoflid i drtFocdiine fesElmsihar e,
itsel f aut emﬂﬁm§ga/sidemoagﬁheﬂaegahf@&4 Rthed eaﬁe;%igﬁg cﬂnauhm%kvvn%g In
i nterference avoi dance. wever , n a system ere e prinmary Si de

of a |ineakhjdRtiHical Be1@r Ovi ded on the ground and the traveling vehicle
has the

10 [0012]

FIGS. 1 to 6 show a traveling vehicle system according to the embodiment. In the
embodiment, overhead traveling vehicles are described. Alternatively, rail guided
vehicles that travel on the ground or automated guided vehicles that travel without any
rail may be used. These types of traveling vehicles are transportation vehicles that

15 transport articles along a predetermined travel route. In the embodiment, the traveling
vehicle 2 has a detection area generator 10 or the like, and interference avoidance with
obstacles is carried out by the traveling vehicle 2 itself autonomously. No host controller
on the ground is involved in interference avoidance. However, in 2 system where the
primary side of a linear motor is provided on the ground and the traveling vehicle has the

20 secondary side of the linear motor, a host controller on the ground may define the
detection areas, and determine whether the traveling vehicle actually interferes with any
obstacle or not. Further, also in the case of adopting a traveling vehicle equipped with a
travel motor, the host controller may define the detection areas and determine whether the
traveling vehicle interference with any obstacle or not.

25  [0013]

InFIG. 1, a reference numeral 2 denotes the traveling vehicle, a reference

numeral 4 denotes a travel controller for controlling the travel motor for acceleration or




From: . e A To:Drew & Napier SG 2011/01/13 12:38 #5600 P.(008/022
203~eco$dér£u%ﬁdigﬁpﬁ he |inear notor, ap]host controller on the ground

_may define the detection areas, and determ ne whether the traveling
vehicle actually interferes wwth any obstacle or not. Further, also
in the case of adopting a traveling vehicle equipped with a travel
notor, the host controller may define the detection areas and
determ ne whether the traveling vehicle interference with any
obstacle or not. 25[0013] In FIG 1, ag.eference nuneral 2 denotes

the traveling, vehicle, ref erence nunmeral 4 denotes a travel
control | er Spcserationof Hﬁ‘mﬂﬁ@l VergiRg, gactions: enntrplnf thednearaing direptionyis - 6-
d I ti f tr ling.. I n djver.qi sections, control of, the

i ver gi ng. dnpeerheTetihsolralel S Ebrhsiiie o bhe v £ o ovaid

d I t t t | higle,2 to avoi.d jnterference with the
obstacl o, HuthiFensk RS He el & BsfrotCuiteid defluRts Go Broap e SoE
traject . ter, of .the travel, route to,be followed,. t he
raven i ng o HakD GEK Ehebe b0 Eald R o bR iBweR oy s et Bt 1 on
f thest . L] el . ' . interdf limt as_ a
o 1 L el brigh o SRS Bl MR LSAEIRE A 3
travel i ng yghkelfe Amital gmﬁt iﬁ%%ifd{hccﬂltel:tgﬁ'r wlfjaFm%M 9@% ﬂ-te%&hwiﬂ?{he

| ateral direction is a direction perpendicular to e travelling

direction kmvdliAg vixiaye! Ir{flﬁ%lf‘eﬁiﬂ%aﬁo %kﬁa}ﬂtdﬁkctah%pﬁferﬁuﬁmﬁh' 4 he map

menory 6 sinply stores only e center of the travel route. For 10

exanpl e, 1 @Redtidh QErpeidesute? td hBtraveling AirEPidh il BB AR FR% iBY Mrizontal plane.
predeterm ned di stance toward both of left an right sides fromthe

center of Fhhdr/thy mbp Meibs: 6 Sielyi stdrey duly @8 eentdrioftte tA0M rhiRe. dRSri ned
each time it is needed. [0014] A reference nuneral 8 denotes a stop
posi t1n cakamplgtierinfetferenic linit Btaipogition §20q byanesdetdraihediefagcd theard
traveling vehicle 2 can stop, based on the position, velocity, and
both of left an right sides from the center of the travel route. The interference limit may

be defined each time it is needed.
' [0014]
A reference numeral 8 denotes a stop position calculator for calculating a stop

15 position where the traveling vehicle 2 can stop, based on the position, velocity, and
diverging direction of the traveling vehicle 2. The position of the traveling vehicle 2 is
represented by the central position of the traveling vehicle. Determination as to whether
there is any interference or not involves a front end of the traveling vehicle 2. In this
regard, a position ahead of the vehicle position, e.g, by 1/2 of the vehicle body length is

20 designated as the position of the front end of the traveling vehicle. The position and
velocity herein mean the current position and the current velocity. For example, in the
case where the traveling vehicle 2 is decelerated at a constant deceleration rate, assuming
that the current velocity is v, the travel distance to the stop position is v*/2a (a is
deceleration rate), The position is determined relative to the center of the traveling

25 vehicle. Since the distance from the front end to the center of the traveling vehicle is
known, the stop position at the front end of the traveling vehicle and the orientation of the

front end are determined. The orientation of the front end of the traveling vehicle is a
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di-verging direction of the traveling vehicle 2. The position of the

traveling vehicle 2 is represented by the central position of the
traveling vehicle. Determnation as to whether there is any
interference or not involves a front end of the traveling vehicle 2.
In this regard, a position ahead of the vehicle position, e.g., by
1/2 of the vehicle body length is 20desi gnated as the position of the
front end of the traveling vehicle. The7position and velocity herein

h . it .ocity. . For. I [
the case wierge dirBBp gt B A0e stulf il S nagtiar ol o wtvelind Yl ognc
d I ti ' t vel oCi ' t
ravel di seaegefipn R Ehded Bl el {5 ¥ Bkt abelialp e

te). Th i b4 i i : ti t f
[aLe) The BAaldnd QeELREOBMERAL hfrk e M Rl i,
center of gl auEhidtE bERAIGR IS il Wareldriiford AR JROSIh AR sBlerkilie
front end of the traveling vehicle an tf’ue ortentation o tﬁe {7 0nt

end arg deti@lcBhdifel anHé iRGiHEME ﬁaérﬁmergé liflnRSelerintd £64 aGfa trﬁlﬁx] gVl ng

vehicle is a -7- normal direction of the travel route at e central
posi tion ofpeforetht sy phdititth detdrnieg b E@@r@ﬁhﬁﬁﬁ ERRIAGD asithe defecBGSBEd
that the traveling vehicle is decelerated at a deceleration rate

smal | er thgeoushe maxi num decel eration rate. Oherwise a margin is
added to the stop position determ ned based on the maxi num

decel erati on. TRer eteiplef the nbssckesegen a4 détedts Sbsladles by sdafisifiga an ar ea
inside the interference limt determned froma map nenory 6, and
bef or e t he psadeisrpioed tceumngieangs, rign @tiarangleld 98%to pothad left and rightl sidek fomr 8
as the detection area. [0015] For exanple, the obstacle sensor
14 del@ct s adliysetioplie fonpof thetraveling vehislepatdutervals o€ @.gs dQnimies gersacmyd, e.g.,
e.g., at an angle of 90 to both of left and right sides from 10a

di rection MANE @ daser digtanch sensprardhe likg. Tap istance aag therprigntatiorstodlhe degected
10 tines peé second, e.g., using a |laser distance sensor or the |ike.
The di st anOBStafigaTE QEIPBiteddA @R interferenge feiecterde dihe detemion ater defined by the

outputted t,o an interference. detector,K 12. The detection area_defined
by Lhe. det EERUR SEsREID ] Gis gPuser 1odhs HisteTeacs Ao d2 for CEierianaic o

cxanpl o 0BRSS U A inAes ok pariic, POSHEES 3 it SO A fatcr
e antber - S0Egpb Rl Rl AL MEnBE bl ok e ok BTl ol g °
{ravel i ng Setar @ g on ATl Oe e A0, FRE LRI ARREUE Blet Wim
' The. det torpnd G @0kExdi RUGHS of ey g PHGRES) BpE ot oo

travel i ng vBRidids@abe dQeticl cativige maqrabatﬁ%gleﬁiag 4041 Cdcth. 4 BRf BEBelk e

obstacle. If the obstacle noves out of
present in the detection area, the travel controller 4 decelerates the traveling vehicle 2,

20 and stops the traveling vehicle 2 before the obstacle. If the obstacle moves out of the
detection area while the traveling vehicle 2 is decelerated, the traveling vehicle 2 is
accelerated again. The travel controller 4, the stop position calculator 8, the detection
area generator 10, and the interference detector 12 are realized by components such as a-
microcomputer and a programmable controller.

25  [0016]

In the present invention, the detection areas are defined in real time, and the

detection area is changed in correspondence with the position on the travel route. For
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detection area while the traveling vehicle 2 is decel erated, the

~traveling vehicle 2 is accelerated again. The travel controller 4,
the stop position calculator 8, the detection area generator 10, and
the interference detector 12 are realized by conmponents such as a
m croconputer and a progranmmbl e controller. 25[0016] In the
present invention, the detection areas are defined in real tinme, and
the detection area is changed in corresgpondence with the position on

R T L C S E RN
o030, RORABR T 55 Bt B R Sl LIRS
LD, o2 SRR FIES, Sy S0 B BRSO g
e, v RARL 8o SUBGERGF s BBRR LATR Bl Byl

1 2vel8 10 YRR BRI kel RIS MBS ReCOTABIEE s,

front end ofeidif@fiHeqnRldingsetGisCihe st\s’}? ?Esiﬁcﬂlewﬁe}@t‘ﬁg hﬁ%ng\%ﬂx@lé gansshﬁ!%

are determ ned”based on the stop po I on where the tr I'ng vehicle
can stop ageteAningd AR willdter&et tPdivdrBing BRedtibAY ah st_re?zt Gktioh AhParSt OP
position (step 2). The area where interference with the vehicle may
occur i s sbféationdf tHadroBéhd of i travalingNehicl! viich eheafuvelidg VehicRl st are

O herwi se, the area extended fromthe center of the travel route on
the map t odbetmiinalbakeifdn theistop pesitionsiliasthbitavelidg edhidléean\slpi sl @ ninghl h
of the traveling vehicle may be used as the area where interference
wi t h tthe vdineatibe imthy traveet toute aEtles step pasitionr{stay 2)a The ated ddsretiinerféremnat
15end of the vehicle at the stop position where interference with the
vehi cl e mayvitbdhanehickingy ®pur iy fterediimthe swpoé.g.dasfaninterertive liddtagort. i on
area is perfornmed concurrently with the detection process by the

obst acl e s&kesyise, éhmmaeq;é@ﬂ@cﬁfrlom.t@ centghefithe trevel togtenghy mapetodth of left
Preferably, the detection area, s defined synchronously wth

det ecti on &% B3 sides bysl/P,of the yehicle width of tha travsling vehigle mey bewsed as thee
detection area_ i s generated eﬁch time detection by, the 20detection
sensor is pef f“’&?rﬁé‘g? §TEfRyE Fiith the vehiglemagagoyr | the dgtegtinn axesinglefdes the front

sect of- shape ea,.a semcircular area or. the i ke ahead of the

T avels oo B enichh AR S BB o hEre S Enee MR e VAW T8 0l et

obstacle ipt noni t Qr .area (step 4).. A though the sensor, used in

Chet oo oal Do lBekisR R 68 dERUER ofdhis feoMRbdebntal el B e

mrror whe i i j changed .rotatin he

o heS B o SR LRSS s OR £ 0RO Al Ld
Preferably, the detection area is defined synchronously with detection of obstacles by the

obstacle sensor. In particular, the detection area is generated each time detection by the
20 detection sensor is performed.
[0017]
The obstacle sensor monitors a sector shaped area, a semicircular area or the like
ahead of the traveling vehicle, and monitors the distance and orientation to the obstacle in
the monitored area (step 4). Although the sensor used in the embodiment is a
25 combination of a laser distance meter and a mirror where the detection direction can be
changed by rotating the mirror, any type of obstacle sensor may ‘be used.

[0018]

[——
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[ 0018] - I'nterference avoidance is carried out by the interference
det ect or and the travel controller. The interference detector checks
whet her any obstacle is present in the detection area or not. In this
check, based on a signal fromthe obstacle sensor, the obstacle
having the orientation and the distance within the detection area is
detected (step 55). Then, if any obstacle is present in the detection
area, the travel controller starts deceg.eration control so that the

oo e e B S s Gl
2 10 0
et e e e O o T R
vl O, e o o B AR S PP, « -
TRy 0CCUT 66, 3) R ASoAdHSioh SHEE Bilshll P e cRfboldh 40 HER:FFREY

6. A reference nune es a noni range 0

sensorg ya SJan 09@5%@5 grgse%ﬁ :})gé)dett&ngx?m@ Féoh{}& £i@gs- The

det ectlon a are generated I n rea tinme based
on the cur rd@ébtlerﬁﬂﬁ'ct)ht?(ﬁ’so ﬁﬁk Qe vEele @eﬂ{jstﬂ:l betdre 'tﬁlgabgthélgﬁ'ttﬁ@(gbsﬁtﬂetdbues

traveling vehicle with reference to the 'map. Each of the detection
areas 26 t Qof@ira®®ohihSdetbction afe@Nge Where deceleration is required if
any obstacle is present within the area. Further, each of the
detection qo®md@% 26 to 28, 30 to 32 is a range where i f any obstacle
Is present at the front end of the areas 26 to 28, 30 to 32 as 20
vi ewed from t heFIGS:Bab b Rowsdxambles 3f detdetod freascdioitm 98,3000 82.€A ZefeiRficeSt OP
before the obstacle. The expression "before" herein neans that the
front1@nd abhmefab20 dastes thegentetoithetravairald bbihe rafaling vilide (yvethaad €.
[ 0020] For exanple, assumng that the traveling vehicle is
decel er at edrautling velirle) 2inkinti® wathedeft ynduright hidestifshetrayel i qeriterd where t he
traveling vehicle 2 to stop is ?nven by V2/2a

interference with the travelmg vehicle 2 may occur are stored as interference limits 23, 24

in the map memory 6. A reference numeral 25 denotes a monitor range of the obstacle
sensor 14. Hatched areas 26 to 28, 30 to 32 are detection areas. The detection areas 26 to
16 28, 30 to 32 are generated in real time based on the current position, velocity, and
diverging direction of the traveling vehicle with reference to the map. Each of the
detection areas 26 to 28, 30 to 32 is a range where deceleration is required if any obstacle
is present within the area. Further, each of the detection areas 26 to 28, 3010 32is a
range where if any obstacle is present at the front end of the areas 26 to 28, 30 to 32 s
20 viewed from the traveling vehicle 2, the traveling vehicle 2 can stop before the obstacle.
The expression “before” herein means that the front end of the traveling vehicle can stop
before the obstacle.
[0020]
For example, assuming that the traveling vehicle is decelerated at a constant
25 velocity a, the distance required for the traveling vehicle 2 to stop is given by V*/2a
where v denotes the current velocity. Therefore, if the length (depth) of the detection

areas 26 to 28, 30 to 32 is defined as v?/2a or more, and the traveling vehicle 2 travels at a
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where v denotes the current velocity. Therefore, if the length
(depth) of the detection areas 26 to 28, 30 to 32 is defined as v2/2a
or nore, and the traveling vehicle 2 travels at a -10- high
velocity, the detection areas 26 to 28, 30 to 32 becone long in the
depth. If the traveling vehicle 2 travels at a |ow velocity, the
detection areas 26 to 28, 30 to 32 becone short in the depth.
Therefore, each of the detection areas1@6 to 28, 30 to 32 is an area
required and,sufficient for pre t] in ference.w,th the

obst acl e. $‘r$8 v8{9§%6]?ee‘£m§§‘¥' “g‘ﬁaé\tﬁglq‘i’ ???589? {’%6“[‘;8‘&8 ?‘Wé “\E’V#hﬁgs?‘pnb“he

vehi cl es. i J i er at ' r nts
and tool s SareiESbRs ZitRYy ouNERaD IS A-ARRLEN T o4 ABI HRESR,
28 of FIG | ; a ' | . t he
ravel i ng St D EUEIE TeRefl, duf FLREIA o PRER Jol Wb oS e el
det ecti on Heffeddhd STRIbnPIR BRAERE iRerfELIZE Wi noASAcE M THOG RGN er ©
the traveling vehicle passe thro gh the diverging section to.t%e
10st r 8 ght nsaGhiteAte Ie&iﬁgﬁa&énﬁg VeliQgd. 1R SbRhcldsiaylih YR W&ﬁinﬁ%?érﬂﬁﬁ, 2
in the detection areas 27, 28 are higher than the velocity of the
travel i ng wRiiméRs and tholshaciBicBsitd M8 pAicBRind@quipAEntd TRE B&tefon 8 28 of
detection areas 27, 28 are larger than the depth of the detection
area 26. FOIG.hEE an btaenply dfdetictiiaradid thd\@ssWhge thefiraldig dehiclemowds ar ea
28 when the traveling vehicle 2 noves straight through the diverging
section i s siigHtelrongh the divergingsectioh. Theddetion e 27 k2akeanple ofhésiectibe
traveling vehicle diverges fromthe diverging section. [0021]

FI G 5 showama ot tise wheteahe iravelizg whictdmassps shroughcthe diesrging destioetaxht h
the position of the traveling vehicle diverging fromthe diverging
sect ith. Astraghssention Sinpethavelgcticsaafthedsavelingstebictei 2oin tizer detectidrearedst?d,
traveling vehicle 2 is present at a position P1. A 20reference

nuner al 3128 aredighsr thagjthe selorighofihetsavigling vahiste 2 ingheddtergion agh 26,dhd s
present at a Eosition P2. A reference nuneral 32 denotes a detection
area when ferehs ofshedetaction arpisa7e28 are farges thon thy depthif theydetegtiqmoprearf
shape of the detection area, changes_in coryespondence with the

p0s! 1 on of RS thf CRASFALiDR ARcLRe BEAe SE IR AFIECton ALea R CWIER f16 rausliog vehiclan
t he detection_area, are.not,simlar, and.the lLengfths of the .
detecti on PbYES ek iRoush Uik e ftipt itk FERTheSE offhe dBScton

corr ond Wi he wel oci.t.y Qf the traveling vehicle 2. In this
manng‘lr%,0 a g‘[eég ggtwlh %&th%rtrg‘ééﬁinﬁgghd%llxrqa’e{gﬁsega?‘\;%r%‘f%ggé5ec° "¥n, havi ng the
optinunlshﬁﬁﬁlgn correspondence with the position and velocity on the
travel route can be generated. The -11-

FIG. 5 shows how the detection area changes in correspondence with the position

of the traveling vehicle diverging from the diverging section. A reference numeral 30
denotes a detection area when the traveling vehicle 2 is present at a position P1. A

20 reference numeral 31 denotes a detection area when the traveling vehicle is present at a
position P2. A reference numeral 32 denotes a detection area when the traveling vehicle
is present at a position P3. The shape of the detection area changes in correspondence
with the position on the travel route. For example, the detection area 31 and the detection
area 30 are not similar, and the lengths of the detection areas 31 and the detection areas

25 32 change in correspondence with the velocity of the traveling vehicle 2. In this manner,
a detection area including the divesging section, having the optimum shape in

correspondence with the position and velocity on the travel route can be generated. The
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travel route in the diverging |ane of the diverging section and the
.travel route in the curve section are simlar. Also in the curve
section, the orientation, the shape, and the length of the detection
area are changed in correspondence with the distance fromthe
entrance of the curve (distance fromthe exit of the curve). 5[0022]

FIG 6 shows how the detection area changes when the position of the
traveling vehicle 2 changes from P4 to1P6. The front end positions of

Lravel | Eét R EEED et DB AN Bslch AP So R RSB B
Lr rere. _ e ¥ _
he. Tovi ci Aragn aftier, ARRIRMETuhR3ABR, 1B BAGRAER 1 g AR fetbe

decel erat i R Qectibifarkd ¥ ?h&en@%l aﬁ%hsdgsn&nééwﬁﬁ e ifathndd %&p ﬁl%egﬁ? dck QF

P4. At the position P5, etection area I's narrowe e area

42. At the RO @RES frdh thedRit 86 iHk Qikvay. €a i s narrowed further into
the area 43. In this manner, the detection area is narrowed in

correspondepie]Wi th the velocity, and the front ends of the detection
areas are kept at substantially the same position in 15order to keep

track of the obSIG® showdhovathd detetfionidi@ dhimpeewhaOthy phditdntf Zadifiveliny t he
obstacle 40. [0023] In the enbodinent, the foll ow ng advant ages are

obt ai ned. wvehicle 2 chdggeSiram@®4tth P6.dFhefodrit efid positipas 6f the detdtior drebs W Ir @al
time, the detection areas are optinmum for 20the positions and the
vel oci ti es agf subsiantialypthelsamesineehihe traveling yéhjcle’t Baletalerbtod whds mowdntene t he
traveling vehicles pass through a diverging section, and where the
opt i mum shdise thé pesieondtddga theposition P6.n Assumingthatae ohstadie 4tis dptested inghs i n
t he di verging section, the gﬁ)t i mum area can be generated in the same
mannetQ Fumidiity, of thedfeont and ofghe-detastiotareas 4lte 43, rdacelérating of dhei teavelingpass
t hrough the ner ai_ng{ section, it is required to 25change the shape of
the det ect VelclsPdnstatedagthe pesifign P4odshe position P ethe Hetegtion wesejiswpmonnd c| e
noves in one directjon in the gj ng section, no diverging control
i's requireditotheare '42( %t thﬂ&@ﬂ&@?ﬁ@ﬁh&%@%@fﬁawéla%sw%@ggewo e Sued
I n correspgndence with the velocities. -12- Therefore, ,the .
|t or - veht e PG RArhes I deER At Tayish i eprratanemies with Sogefoet,
;nc R: gsga agﬁid IRV ST B thb Het;[a&l%n 30 28 %];[taa slugg{anei{ahjly GHleTamd pcl)s?tion in
15 order to keep track of the obstacle 40, and stop the traveling vehicle 2 before the obstacle
40,
[0023]
In the embodiment, the following advantages are obtained.
(1) Since the detection areas are defined in real time, the detection areas are optimum for
20 the pésitions and the velocities of the traveling vehicles.
(2) Also in the case where the traveling vehicles pass through a diverging section, and
where the optimum shape of the area changes in accordance with the positions in the
diverging section, the optimum area can be generated in the same manner. Further, also
in the case where the traveling vehicles pass through the merging section, it is required to
25 change the shape of the detection area in real time. However, since the traveling vehicle

moves in one direction in the merging section, no diverging control is required.

(3) The detection areas are expanded or narrowed in correspondence with the velocities.
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(4) Since the shapes of the detection areas are optim zed in
. correspondence with the positions, there is no dead angle in
detection. 5(5) Since the detection areas are not stored for each
position of the travel route, it is sufficient to sinply change the
map when the travel route is changed. [0024] An application of the
enbodi mrent w Il be described. The det eg%i on area and information

regardi ng whether any obstacle is preséAt in the area or not are

out putt ed H‘he@f&&@l@lh{e?%lﬁ‘dle 8iStah € bevRsH We tr@&bﬂné%&f?él@s\’ﬁékéﬁ' nffnimal,

nonitor. These itens of data can be used, e.g., for verification or

the |ike atand fupréverndin tﬁdﬁin@ﬂdrﬁiibr@éfﬁéﬁn%ﬂ@adh[@&&' ing vehicle system
Further, if an obstacle sensor having a detection range greater than

180, e.gQ., (®Sindeshedhapsoftheidorctivacras b dpfimiRd iCdiresidnasice WithvRl i ng
vehicles that travel through the nmerging section in parallel. Rules
provi ded f positiéms, thyreficwm deay angieinddestiore. g., a rul e where a
15traveling vehicle that attenpts to enter a nerging section froma
mer gi rfy di (DSincenhe ditectorn areas ardmdt siosedfot eathpositianaif ¢lettrasielreuts,iinis)
shoul d stop when it detects a traveling vehicle noving straight on a
si de cl osemsuffigientte simplyychaggestbe map whe the ¢roved iralute wichangedi t h t he rul e,
I.e., in consideration with the rule for other traveling vehicles
that travell9824l parallel, the detection area showing a range in the
mer gi ng section where the traveling vehicle stops _20dependi ng on
whet her anot her A eBRlicptionPfskagrabodiment prilbbegescribgd Fle detgetien grea and
generated. .In this manper, the traveling vehicle can determ ne

whet her it feFmagng ereasding whether any obstacle ipresent ip the areacyr ngliare pipsied to

decen,f alize @ontr cr, ption,of 1he nuner

travel ng Ganto Fléoxhtgle 'glioa% |anq: gir%i?)ad'og'a monjtgr. hese items of %L.t?l 05115 éeol?sgg:] 2

e.g., for verification or the like at the time of installation of the traveling vehicle system.
Further, if an obstacle sensor having a detection range greater than 180°, e.g., 240° is
adopted, the obstacle sensor can detect traveling vehicles that travel through the merging
section in parallel. Rules provided for the system may includes, e.g., a rule where a

16 traveling vehicle that attempts to enter 2 merging section from a merging direction
(direction that is not the straight direction) should stop when it detects a traveling vehicle
moving straight on a side closer to the merging section. In consideration with the rule,
1.e., in consideration with the rule for other traveling vehicles that travel in parallel, the
detection area showing a range in the merging section where the traveling vehicle stops

20 depending on whether another traveling vehicle is present in the range is generated. In
this manner, the traveling vehicle can determine whether it can enter the merging section

or not under autonomous decentralized control.

Description of the numerals
25  [0025]
2: traveling vehicle

4: travel controller
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6: map nenory 8: stop position calculator 10: detection area
. generator 12: interference detector 14: obstacle sensor 20: travel
rail center 23, 24: interference |limt 25: nonitor range
26: detection area 1040: obstacle 41: to 43: detection area [0026]
Whi |l e preferred enbodi nents of the present invention have been
descri bed above, it is to be understood that variations and
nodi fi cations will be apparent to thos®3skilled in 15the art without
departing ghfapmemeryand spirit of the present invention. The scope of
the present 1nvention, therefore, is to be determ ned solely by the

fol 1 owi ng ¢! fbposition ddlculator
10: detection area generator
12: interference detector
5 14 obstacle sensor

20: travel rail center
23, 24: interference limit
25: monitor range
26: detection area

10 40: obstacle
41: to 43: detection area
[0026]

While preferred embodiments of the present invention have been described above,

it is to be understood that variations and modifications will be apparent to those skilled in

15 the art without departing the scope and spirit of the present invention. The scope of the

present invention, therefore, is to be determined solely by the following claims.
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WHAT IS CLAIMED | S: 1. A traveling vehicle systemincluding
. travel i ng vehicles each having an obstacl e sensor for detecting a

i stance to an obstacle and an orientation to the obstacle, the
5system further including: a map nmenory configured to store a
map of a travel route of the traveling vehicles; a detection
area generator configured to repeatedly define detection areas from
the.map based on current positions of te traveling vehicles,

decel erati gpqQf 15te ATkAX¥Flg- ng 10vehicles being required if any

obstacle is present in the detection areas; an interference
detector for detecting an obstacle in the detection area, anong
obstacl es detected by the obstacle sensor; and a travel

control | er conf il gakaekling velaélt sptentReBHRE Aalding 9bhit1Beath AN Hbstacle
vehicles for preventing interference with the obstacl e detected by

the interf gémoctr deétiag adistahbe to an obstacle anh@ oriefx@dn t6 Shevdbdaglk,&hS Y St €m
according to claiml, the detection area generator being configured
t o det&®r m mgstémfiethkbeinelndiagr anges ahead of the traveling vehicles
where an obstacle in the interference ranges may cause interference
with the travel ampwehiocy emfighred m stére ammp off a srevk] coutd dfthgiedielingpns of
the traveling vehicles, determne positions of 20front ends of the
travel i ng welitles;es when the traveling vehicles stop based on current
velocities of the traveling vehicles, and in the interference ranggs,
desi gnat es ar ea8 dete@ioa erea gendsetor qoafjguredhg ropetedlydefindetestipmareasdromtheh
the positions of the front ends as the detection areas. 253. The
travel i ng WeRibased ogcurrahpasitionsof g traveling xphicles, degpleration\pf the tigvieling
incILEHng di verging sectiops for al|low n .th trayeling vehicles to
move S rai aﬁlzwls?bﬂ?sféﬂwdff %f@ﬁéﬁaww&sg&w Setertigidreatne det ect i on
area generator etl)r? {npegfelge?agg ée%élioer?o} c{)etegt%gl arﬁeobgtlaglg & tﬁg Eieteéti%ig area, among
obstacles detected by the obstacle sensor; and
a travel controller configured to control deceleration of the traveling vehicles for
preventing interference with the obstacle detected by the interference detector.
15
2. The traveling vehicle system according to claim 1, the detection area generator
being configured to determine interference ranges ahead of the traveling vehicles where
an obstacle in the interference ranges may cause interference with the traveling vehicles,
from the map based on the positions of the traveling vehicles, determine positions of
20 front ends of the traveling vehicles when the traveling vehicles stop based on current
velocities of the traveling vehicles, and in the interference ranges, designates areas closer

to the traveling vehicles in comparison with the positions of the front ends as the

detection areas.

25 3. The traveling vehicle system according to claim 1, the travel route including
diverging sections for allowing the traveling vehicles to move straight or diverge from

the diverging sections, the detection area generator being configured to define different
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detection areas in the vicinity of the diverging sections in

- diverging directions and straight directions, according to directions
In which the traveling vehicles travel through the diverging
sections. 54. The traveling vehicle systemaccording to claim2, the
obst acl e sensor being configured to scan areas ahead of the traveling
vehicles in traveling directions at predetermned intervals; and

the detection area generator being conﬂ'gured to define the detection

areas SynclieRpEdAraas M the viiﬁ{i@%tfmmimgiﬁéﬁcﬁ&ﬁti@&i][v&gmg drlk&icabaiac! e

sensor. 10 5. A nethod of preventing interference between

travel i ng \serhight directiing, RbGHAE ke sirecHbiRieRich i traveli VehidleY @V HRSugh
repeatedly performng the steps of: detecting distances to the

obst acl es ahsdiogrpmpbetionns to the obstacl es by obstacle sensors in
the traveling vehicles; 15defining detection areas where decel eration
of the traveling vehicles is required if there is any obstacle in the
detection areas, based on a map of a travel route of the traveling
vehi cl®s and cudrEmitraveliigviebick: system ecording ol dlaim 2y theiobstede sensor being
detecting obstacles in the detection areas, anong obstacl es detected
by the obstanfigureddn seanareas prag of tha trevdling nehicleciotraveling direcions ite
traveling vehicles for preventing interference between the traveling
vehi cl es amedeigenigpdinieyadss apdy t he detection areas.

the detection area generator being configured to define the detection areas
synchronously with detection of the obstacle by the obstacle sensor.

10 !

5. A method of preventing interference between traveling vehicles and obstacles,
wherein the traveling vehicles repeatedly performing the steps of:

detecting distances fo the obstacles and orientations to the abstacles by obstacle
sensors in the traveling vehicles;

15 defining detection areas where deceleration of the traveling vehicles is required if |
there is any obstacle in the detection areas, based on a map of a travel route of the
traveling vehicles and current positions of the traveling vehicles,

detecting obstacles in the detection areas, among obstacles detectéd by the
. obstacle sensors; and
20 controlling deceleration of the traveling vehicles for preventing interference

between the traveling vehicles and the obstacles in the detection areas.




