T
QE?CN%TIC GUI DED VEHICLE SYSTEM AND NETHOD FOR NAVIGATING AUTOVATI C. GUI DED
‘MEH CLE Field of the Invention — — » The~present i nvamtt lLates to an
aut gmat i'c’ gU|ded vehi cl e system and a fnef%o »for navi gat Hgsdhuaun§m@prc
QU|ded vehicle using this system and;naofev speC|f|caIIy,.Ihe~pTesaﬂt

I nvention.relates to the system and net hod for enabl i ng the present~---J
position to-be recognized at an arbitrary position without tenporarily

det er mi ni ngAVOMATIO (UHDEDpVEHICLE SYSTEMaAND) METHOD EON NAVIGATINGC AUEOMATIC GUIDED
Background of the Invention In the prior art, there is a systemin
whi ch a pluygliety of reflectors are disposed along the travelling path,
and the reflectors are recogni zed by neans of a |aser scanner on an
automati c guided vehicle to calculate their present position. Wen three
reflectors can be recogni zed, the present position can be calcul ated using
the principle of triangul ation, therefore, the problemwth this approach
is that conEiel (ﬁgﬂmhbwﬂéﬂmsuch recogni zed reflector is to be specified
which of the reflectors on the reflector map. In this.case, this problem

can be easily sTHevprbsbyt tm@hcionnielatieNtd bh GatémR0! g Ried Yehl 8 Q@ta&ﬁﬂ@% to
the reflectors, however, such reflectors are expensive and require nuch
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specifically, the present invention relates to the system and method for

enabling the present position to be recognized at an arbitrary position without

tenporarily determining the initial position of automatic guided vehicles.

Background of the Invention

in the prior art, there is a system in.which a plurality of reflectors are
disposed along the traveliing path, and the reflectors are recognized by means
of a laser scanner on an au£omatic guided vehicle to calculate their present
position. When three reflectors can be recognized, the present position can be
calculated using the principle of triamgulation, therefore, the problem with
tP@s approach is that concerning whether such recognized reflector is to be
sﬁecified which 6f_the reflectors on the reflector map. In this case, this
problem can be easily salved by assigning identification data Quch as bar codes
to the reflectors, however, such reflectors are expensive and require much time
to Install. Therefore, in géneral, the reflectors must be identical.

In order to specify a reflector without assigning identification data to
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-2 the reflector itself, the start position of an automatic guided
yéhicle is input: to the automatic guided vehicle. First, presumng t hat
the automatic guided vehicle starts froma known posit[aR; e reecegni-zed
reflector is specified at the starting tine. In subsequent rﬁe;‘;dgm’t T ’
the present position is assuned fromthe previous reco’gnrzedlpos‘ﬁ“l on, |
and assum ng that the reflector that can be recognized for that position

i s recogni z&he reflectoefitselforthe stagtepost tien.of an sutomitdecuéded véhéeloubs eputhi s
technique, if a reflector is incorrectly recognized, it becones inpossible

o oooo 280 'thE AitARiLI8 ¥l ddTuEld.n FLrst! BFBuningd theiothe' it fintic kftiRg

maki ng it uncontr tl on consumng to

present pos ri.ng, at t tar n | me. For resu hat

t he aut omat b’%}hgg? gg g"ﬁ%laeﬂ% B‘%f %W%P%’Jéﬁf.?@%"sé? ﬁ?ﬁg{pﬂ?‘gﬁ;‘ t he
automati c gw ded vehicle is manually driven and started up to that

posi tion, oithe stardtugrblmencdpssubsequent necopmiition,i theupresent posiséon ipassumiedn

at each position on the site. In any case, such work is tine-consum ng.

I't is an obfemi tigf picfoul" RB6HH zed ot ich] ohd aBiiiiibe Rat! i feflesfr fhaﬁ‘t‘aﬁed

vehicle to an autonormus travel l i ng without initial position data.

I s anot her | t n e of the
recogni zed | %HS&%F t%{eg&ﬂh@ ﬁ%#gﬂﬁdgﬁ%ﬁfc}geﬁlqg@gl i gi bl e
val ue. qus still_ another object_ of the Fr esent invention to provide
a specific tec WeYRT . Bhem ¥s kndithis (teghnique;, o £ poseflantosris H@Cﬁmﬂﬁﬂh c
gui ded vehicle with a very lowerror rate.

recognized, it becomes impossible to recognjze the exact position of the -

automatic guided vehicle, thus making It uncontrollable. In addition, it is
time-consuning to input the present position during at the starting time. For
example, presuming tﬁat the automatic gulded vehicle staris up from a specific
reset position, the asutomatic guided vehicle is manually drivm‘and started up
to that position, or {t becomés necessary to mal ly input the present position
at each position on the site. In any case, such work is time-conswming.

'It is an object of the present iﬁvention to start up the automatic guided
vehicle to an autonomous travelling without initial position data.
i It is another cbject of the present invention to reduce the error rate of
the recognized initial position of the automatic guided vehicle to a negligible
value,

It is still another 'thect of the present invention to provide a specific
technique for obtaining the initial pc;s!tion of the automatic guided vehicle

“with a very low error rate,

g This Sheet Has Reen Repl

T

¢ 'd J946 0N et €a741 BC7HC FRAAT

s BT



Surﬁzrary of the Invention The present invention is directed to an
automat:i ¢ gui ded-vehicle system wherein a plurality of reflectors are

dlsposed along the travelling path, and the automatic gui-ded—ehicl-e-has
| aser scanner for obtaining the orientation and distance| 6Fiy &ffiEcioT 85
reflector map, a neans for tenporarily specifying three tef|ect8r&LED

conparing-recognition values of the distances of the recognized three
reflectors with the reflector map, and a nmeans for obtaining the present
posi-tion of the automatic gui ded vehicle based on the tenporary :

speci ficati Qguma &g |y, a means for checking the conformty of
the tenporary g%eC|?mc§& romthe recognition value of the fourth and

subsequent -reflegtors is. als rovi The esen nvention is
directed to a n&f‘ﬂcﬂ!’eﬁw inyen Qﬁ &'&F%W@ﬂ %HI 5@4 yehighe rsystem

plurality of reflectors are dlsposed al ong the travelllng path, and the
ori ent at i on whereidi s phuradi tyf ofarefleatarst drecdl spesddeslong sthe atraveld tng) patie daml/
nmeans of the |aser scanner on the automatic guided vehicle, and the

recogni zed Qhéta%@ﬁﬁtiégﬁﬂﬁﬂ%ﬁfklw'ﬁa? d 18sdrédafifidrofo eahgggeﬂm%ﬁwaxm

specify the reflectors, and the present position of omat1 ¢ gui ded

v oL L S0 B SRR R & BREOE SRRV i rvng

tenporarlly obtai ned present position fromthe recognltlon val ue of the
fourth and dheeectrféeatorsromparisg secognition valyescofatheodistonces of e regvgnd zed
system of the present invention, wth
three reflectors with the reflector map, and a means for obtaining the present
' position of the automatic guided vehicle based on the temporary spécification.
Preferably, a means for ~cl-1eck'ing the conformity of the temporary.
specification from the recognition value of the fourth and subsequent reflectors
is also provided. |
The present invention is directed to a mgthod for navigating automatic
guided vehicles wherein a.plurality of reflectors are disposed along the
travelling path, and the oriémtation and distance of at least three reflectors
are recoénized by means of the laser scammer on the automatic guided vehicle,
a!?d the recognized distance is compared with the .reflector map to temporarily
specnfy the reflectors, and the present positian of the automatic _guided vehicle
{s temporarily obtained based on the temporarily specified reflectors, and the
present position is obtained by confiming tﬁe temporarily obtained present

position from the recognition value of the fourth and subsequent reflectors.

In the automatic guided vehicle system of the present invention, with
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-4-% respect to three reflectors recogni zed by the |asef seanner _nounted on

the automatic guided vehicle, a perm ssible conbinatioh 'S ¥M€'1Tﬂms ,
on the .reflector map is tenporarily specified fromi nfb\c_nnt_ﬁéiﬁu/qm;;t ﬁém [
di stance between the reflector and the |aser scanner. Then, in tThe-case!
where the fourth and subsequent reflectors can be recogni zed, the
reflectors are conpletely specified using that information. Even if only

three refl eciqypechng tireeyefr&dors rebdifil zéP g thclM el "RaphdiC ot BdLY the

information on the initial position of the autonmatic guided vehicle is

: b . : 0 o th : Cng .
on"the post e R BeE G e, @1 ssife SRS HIch® betierricat theg
right of the travelling path of the automatic gquided vehicle each
refl ector i srefdecian map S,s teoporgridy speeified feam b%prmmmbmmﬁ@m befveen

the automatic guided vehicle tenporarily obtained is confirned. Therefore,
the autonatthe geflldetbrvaid theelasenr seammirar tThen,Udn heheise vhage ithé folPtli and on

the initial position of the automatic guided vehicle. Here, in the

case where t ?'B‘E‘ﬁf‘f‘%ke _ rcﬁﬁﬁ ' %%EE, .
addi ti onal iﬁ‘@gﬁﬁféﬁ %ﬁg@%’%ﬁ%y at ar gﬁé;%éférgﬁéﬁ%)gf?on agggl§a |itsf|t?§;1ce,
and_in general, the |l aser scanngr provides very high anglular- resolution,
t heref ore, i‘!s‘E&rﬁI‘ﬂ iiﬂfﬂﬁ‘ﬁ'&‘“@frg\’@ {%BFB{JQM"?.’ g are irecqenized, in the

i nformati on on the distance of the fourth reflector is used, the present
position cancdse whereghthe edher ishmmaryainforpatidnsonrihel bnitial cposd tivrerod the
fourth’ and subsequent reflectors can be recogni zed, with respect to the

fourth and gitbaft9e G0l dedeiehfelieols givel® by AIRY sudtP hforiti6RName (1 $R9hsed

by using only an . ~

vhere the information on the position of the reflector is given, such as which

of the left and right of the travelling path of the automatic guided vehicle

each reflector is present, by using such information, the present position of

the automatic guided vehicle 'tenporarlly obtained is confirmed. Therefore, the

automatic guided vehicle can be started up without the information on the
initial position of the automatic guided vehicle.

Hera, in the case where the fourth and subsequent reflectors can be

* recognized, the addit.i;mal information obtained by that are an orientation and

a distaﬁoe, and In general, the laser scanner provide; very high anglular

'resolution, therefore, it can eliminate errors thoroughly. Moreover, if the

information on the distance of the fourth reflector is used, the present

position can be recognized with greater precision. In the case where the faurtﬁ

and subsequent reflectors can be recognized, with respect to the fourth and

subsequent reflectors, the present position can be recognized by usi'ng only an
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-5 angle information instead of by using the information on both angle
ﬁand di stance. - In addition, the term"three reflectors" or the term
"fourth and subsequent reflectors” does not limt to useTghﬁmfﬁns?Ly?L ;l
recogni zed three reflectors for tenporary position FECOantIQBp
the fourth and subsequent recognized reflectors for confirmng- {hew e
conformty. For exanple, in the case where four reflectors are recognlzed,
t he second I £ fo BbtY e
prasent _post b tASroglaf nsbaid pETby-R0le Thelnt GihatfBR Y Bb{h anglE 4
fourth reflaftors In the present |nvent|on in the case mhere t he
automatic g %ﬁﬂ¥£Veh|cle can be transferred to autononous travelling
without the initial position information, and in the case where there
ari ses a probl ein edditinnnithg teme ﬂp'eeseﬂectms‘i’ torr otthe diern M €ourdls and tsibsequended
vehicle after 'starting autononous travelling, the position of the

aut omatic guen@dtarshld@bsenﬁeni t6 uke thé%?%k%ec@@ﬂ%éd‘%ﬁreﬁpﬁ'l@éﬁirg1fotrhe

present invention elimnates the problemo haV|ng to start upt
automatic g e e_at_on ) |f|c d,of haV| fo

I nput the egé‘gﬁgﬁ é}'%#i%ma‘kﬁ aﬁ‘ﬁ&"dﬁf’ &@W@W‘ gnizgl; o
Descrlptlon éthe Dravmmg'i urellsa5|de vi ew of an automatlc
gui ded vehi &eldegtass SPE ophirging Qiﬂ)g‘mfﬁﬁ'ﬂltYOf Fomexsmpleschn theeasa where four

Figure 2 is a block diagramdepicting a control systemfor the automatic
reflectors are recognized, the second reflector may be used for confirming the

conformity, and the present position may be temporarily specified by the first,
third and fourth reflectors.

In the present invention, in the case where the automatic guided vehicle
can be transferred to autonomous travelling without the initial position
information, and in the case where there arises a problem concei'ning the
present position of the au.tqmétic_guided vehicle after staz;ting autonomous
travelling, the position. of the automatic guided vehicl;e cen ggain be precisely
obtained. Therefore, the present Invention eliminates the problem of having to
start up the automatic gulded vehicle at only a specific position and of having

to input the exact initial position to the automatic guided vehicle.

Brief Description of the Drawing
Figure 1 is a side yiew of an automatic guided vehicle employed in an
embodiment of the present invention.

Figure 2 Is a'block diagram depicting a control system for the automatic

e ———
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- 6 - gui ded vehicle enployed in the enbodi nent. Figure 3 is a
Lharacteristic view showi ng a process for specifying a reflector enployed

i n the enbodi nent . Figure 4 is a characteristic viewshowing a N
process for specifying a reflector enployed in the enbodi MERE. SHEET HAS BRRuN ]
Figure 5 is a view show ng the disposition of reflectors iln. 1 heRErrradidment .
Figure 6 is a flowhart showi ng a process for specifying the present T
posi ti on of EtdedNebicle; amlovedida theembodimend. ¢ he enbodi nent . Det ai | ed
Deseription of the Preferred Enbodi nents Figures 1 to 6 show an

embodi ment of tRignredets o charatteristic view Bhewing & prbesss fde spédfitfylng% of
an, automatic guided vehicle 2. 4 is a vehlcle body thereof, 6 is a lifter

for | oadi ng raprhegd r a frame for Ioadlngalaser
scanner 10, 1g$|cs ﬁmg}alﬁcgﬂgtro sectlon and 14 is a present position
recogni zi ng sect scann at es at 10 Hz for anpl e,
and detects i gf#{igf"éq I4e§§ éd‘sf Bﬁfeé"F&fq ¥ ?“bﬁ ‘l‘ﬁngt%ﬂg‘?ﬁﬁsog‘irarsﬂ?@lgﬂgé

di stance and orientation of the reflector 16. The angul ar resolution of the
refl ector l1aefkectoriegpdgredcin the embodimentnd t he di stance resolution is about 1
nmet er. Figure 2 shows the control systemof the automatic guided

vehicle 2. The Fpapedls BOAEH sHAViREROBI y!?’rﬁﬁf ir€fl edtork Sndthécgnbadigst . and

di stance data for a reflector recognize | aser scanner 10, and
cal culates the Wzi’ﬁ?@% is a flowchart showing a process for specifying the present

position of an automatic guided vehicle in the embodiment.

Detalled Description of the Preferred Embodiments

Figures 1 to 6 show an embodiment of the present inventiom.

Figure 1 shows the structure of an eutamtic gulded vehicle 2. 4 isa
vehicle body thereof, 6 is a lifter for loading and elevating article, 8 is a
frame for loading a laser scamner 10, 12 is a travel control section, and 14 is
& present position recognizing sec?.lon. The laser scarmer 10 rotates at 10 Hz,
for example, and detects light reflected from a reflector 186, theréby ohtaining
the distance and orientation of the reflector 16. The angular resolution of the
reflector 186 {s 0.1 degrees or less, and the distance resclution' is about 1
meter.

Figure 2 shows the control system of the automatic guided vehicle 2. The

" present position recognizing section 14 is given angle and distance data for a

reflector recognized by the laser scanner 10, and calculates the present

This Sheet Has Been Replaced
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position and orientation of the automatic guided vehicle 2. As subsystens

;0f the present position recognizing section 14, ar Phgg@ggF 8-

provided to store the positions of reflectors alongjthe téé%?aﬁﬁﬁﬁﬁ*ﬁaﬁh,
Ycul ate the

and a present position calculation section 20 is prdvrdeﬁwtéé‘ a
present positions based on data fromthe map 18 and data fromthe | aser
scanner-10. In addition, the present position calculation section 20 not
only cal cul posttichandrorsartutionost the autdmaticapsided vehiclethe Aosilnystdms 6ff

t he. present position cal culated and specifies which reflector on the map
18 correspo el | e I ged.
Figure 3 short?}vsé ﬁgeﬁ%hnwgiﬁspeﬁ#?%t%éggingffgeé I%ﬁ%?@r %%gﬁﬁr%@am &
reflectors fromil6-1 to,.16-3 Aare.recoqnized jn orde Assum n hat t he
di stance t o YRE® #ﬁ? ﬁstéc‘i@F efllggﬁor%sa](zogg1{%grqypi{%gcga% %a Jresent
reflector 16-2 is (b), and the angle between these reflectors is [err] ,
the di st an@esiidonealcudation sfettiondllsis pravidedi ta @abodate kke present pdsitions
(a), (b) and angle 0 by using the cosine theorem Since the distance

resol ution haseeen dabefrol Geongeld ald ang fioh DRSIRBE Scamiir 19. AR Wdikigt er .

the precision of the distance between the two reflectors 16-1 and 16-2 is

Fengt h of odts Beseic,poxigtoi fp R Bhisd Sidiuf ot onfy UETEEHL B Thretdfy

16-3 is defined, and the shape of this triangle is conpletely defined.

Fi gure 4 sh@®sitden. Butoglso: ghenksa thps penfarmify of t the ypeantspasition fabenlatrd and
specifies which reflector on the map 18 corresponds to the reflector that the
laser scanmer 10 has recognized.

. Rigure 3 shows a temporary specification of reflectors when three
reflectors from 16~1 to 16-3 are recognized in order. Assuming that the
distance to the first reflector 16-1 is (a), the distance to the second
reflector 16-2 is (b), and the angle between these reflectérs is g, the
distance between the reflectors 16-1 and 16-2 can be ohtained from (a), (b) and -
angle g by using the cosine theorem. Since the distance resoluticn batween the
distance (a) and the destance (b) is about 1 meter, the precision of the
distance between the two reflectors 16-1 and 16-2 is about 1.4 meters. Next,
when a third reflector 16-3 is recognized, the length of each side of the
triangle formed by the three reflectors 16-1 to 16-3 is defined, and the shape
of this triangle 1s completely defined. |

Figure 4 shows an recognition algorithm for the specification of the

reflector and the present position of an automatic guided vehicle 2 when, for
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"reflector and the present position of an automatic gui ded vehicle 2 when,
for . : e
REPLACEMENT SHEET ' W "@’R&ml;@gﬁfpur
reflectors are recogni zed. Let us assune that N reflectors. e&%#Csal ong t he
travelling path. Since the initial position of the automatic guidéd -
vehicle 2 is not assuned, it is possible to assign N ways to this
reflector. exampde, fpurnreflectonnare segoguized. 1betous assume dhat Neeeflectors exixtd
refl-ector nmust exist within a prespecified distance fromthe first
reflector, abong tie draveHring patles Bluta ¢he iinl tibbpositidn oftthe sautémiiti € paidede.
if.the reflectors are disposed an average of 10 neters apart fromeach

OLner ond Vel clbonda bt iuiad, Oft P pbiAIh1 € ed' A3t NI S FafleBRD! S

Is 5 meters, assumng that the refleCtors are ant’l
uniformy wthin the range, of \the s dard deviatjop, it is ssible to
narr ow thewgﬁﬁ iHé%ao?‘*"ﬁ“%é’ﬁ@ﬁﬂ??"eﬁé%cf%r"?ﬁ?ﬂz ; H@oéﬁ?"l"fit‘iﬁ?@ﬁtoﬁﬂm{s& 1/ 7
in the reflector in the nost vicinity of the first reflector if the -

di st ance beweXistnwithin fiprespeaified distance €fdmetheofirst aafleetore cangntteed! stance
precision of 1.4 nmeters. At this time, a hypothesis concerning the

determ nati g r I \ . Si BEOHE i lae
froml to ?o?agﬁ?h?rso%‘ggw %?ggéer?ot g&fl?%% lm;?%e%ﬂmhenst %‘?ﬁ@rsé&ld’l

reflector 163 i | | 3Rg or, Wi t ef ors
161 to 1. 3vSkeS OO BAES ekt rdy BTk et ol dn S el dt B b o S0,
18. At this,tinme, the nunber of conbinations of candidates for the three
reflectors didtanee batweendhpgrekleetors; is dsmetRrsagssuning<that thenrefilpetors arger
of candi dates can be significantly narrowed down. For exanple, the present
posi tion of distributedvabstenidal lyeuhifermly wbttdni thealahge of dheiistindaed deviation,

it is possible to narrow the candidate of a second reflector with a probabi1ity
of up to 1/7 in the reflector in the most vicinity of the first reflector if
the distance between the f'irét and second reflectors can be recognized at a
precision of 1.4 meters. At this time, a hypothesls concerning the
determination of the .remgnized'tm reflectors has kN ways (k is a value from 1
to 10, but prohably' closer to 1). |

Then, vhen .the third reflector 16-3 is recognized, the triangle formed by
the three reflectors 16-1 o 16-3 must coincide with any of the triangles on
the reflecto map 18. At this timé; the mmber of combinations.of cendidates for
the three reflectors decrease.s,_ the possibility is mN ways (m < 1), and the
number of candidates can be significantly narrowed down. For example, the

present position of the automatic guided vehicle 2 is obtained with respect to

candidates of mN ways based on well-known principles of triangulation. If

——
——
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candi dates of mN ways based on wel|-known principles of triangulation. If
+9- there is information on the angle fornmed by the three reflectors 16-1
to .16-3, the position and orientation of the automatic §ut; hicle 2
can_be readily specified by conventional neans. If nece sar“yé‘ﬂwftWrgs;g [
to the present position of the automatic guided vehicle

taiheedRr t he
mN ways, the distance between the three reflectors 16-1 to 16-3 is
cal cul ated dherecésrinfasaatiion on: the angle Sgrnedi iyntheathireeneefieators A-1 he 16sder -
scanner 10, and the hypothesis for specifying the three reflectors is

further narrthegesition enfarientativneof ithe atitoméitive sutited &/chivdiec? ictn desrandl 1y
total nunber of reflectors, " or in the case where an approxi mate val ue of

the initial i (o] e ( ock
nunber when s?ﬁélfft‘r a\%l | ké&&ggﬁ} meén@dl \6/1| nat%g L{@‘éﬁ%g%@&{[}l ?) k@e ﬁrgse'pé
exanpl e), or in.the,case where addi |on, nformati on on whet her each
reflector i §°§{=}éﬂ‘ gh e auieeghic gyt "F&%ﬁt’tﬂiﬂe{’t fer the &ﬁé‘l‘iﬁ-n@hﬁaﬁiﬂm on
the-left side is input, the three refI ectors can be specified rather
accurately betwaen sthei theee Asflectorg 16+dtta bé-3di s calmdatedsarducomparedowt thetie t he .
reflectors is about 1.4 neters and the standard deviation of the interval .

between t he r f S
the time mgﬁéﬁ‘éﬁi“éﬁ%‘d@r%%‘53*&%"5???2‘%%385% 180, 30 e thess, fir

ddi 1 on, it FYe' P IANRERerBRoL 1F AEfber FatrRied. " guraed veni cl o 2 and
each reflector is checked after the calculation of the present position,
the val ue for nFersexmple, imthepcaserwiers tharetisca smald totghmumher ofareflegtorsie
initial position of the
or in the case where an approximate value of the initial position is input to
the autamatic gulded vehicle 2 (the block number when the trévelling path is
divided into sbout 10 blocks, for example), or in the case where additional
information on whether each reflector 1s seen on the right side in front of the
travelling path or on the left side is input, the three reflectors can be
specified rather accurately at this time. Assuming that the distance resolution
between the reflectors s about '1.4 meters ﬁnd the standard deviation of the
interval between the reflectors Is about 5 meters, the value for k is sbout 1 at
the time when the second reflector is recognized and the value of m i{s about
1/10 at the time when the third reflector is recognized and in addition, when
the distance' between the automatlc guided vehicle 2 and each reflector is
checked after the calculation of the present positian, the value for m 1s about
1/100. Here, if there is a general da_ta: on the initial position of the

automatic guided vehicle 2 or on additional data such as discrimination of
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aut’omati ¢ gui ded vehicle 2 or on additional data such as discrinination of
whet her .each reffector is seen on the right or left side of the travelling
path, the value for mis smaller than 1/100, and in a small scale automatic
guided vehicle system three reflectors can be al nost spegi frred 1o dhey ap
18. When the nunber of reflectors is increased by aboukm3Q%» it is
possi bl é to change the condition wherein three refl ectors™can e
recogni zed Whethen eschdiefbectontisr sésmn omwthearightroe lefftl sideoo® thentravel ling
recogni zed. -1n the case where the fourth reflector is recognized, it is

possi bl e t ophitSthegfls #dien ORI ¥nsH 1/1U0E Virln HCGRAY Sl it bt e S

for whether“was correct or not Eérespect td angul ar resol ufion.

described a ar I on |s 1 Ies and he

pr obabi | i tyB‘t"ﬁ’g‘t’ vefIZ16 Jited F@‘f‘*? et et 8hs. canche 5‘1"1“%{ SPesitied o his
range i s 1/1000, or Iess and its conforn1ty can be checked mnth a m

level of certai ¥hep thermmber eff vefleetors ist inereased by wbowtodlh, hity bs Ipéiﬁible |tQ

about 1 neter, as nentioned above, thereby nmaking it possible to further

check conf lefgéme Afondilt borpelienéiniree trefl ebtorst danriwf reogtized intcaasndized.
the reflector can be detected al nost certainly fron1a practi cal

t andpoi nt
[S)I’ deﬁ?l BOSI t Irgf']n (g I‘gﬁg ﬁl?ﬂn%t ia.ngUI gﬁ e ntl{eﬁgﬁgggﬂaé‘ ?&l Ighgur e
5 sh the t | | d, t d flect
e T 2% b 1 A 1 i O iy o

reflectors are recogni zed, the triangle formed by these reflectors al nost
ci ni des wi t previeus eedognized sref kactorsof arswhether Wag eorredt ornmatheith respeet)ite
nearly identical to the triangle does not exist in Figure 5. Wen the

angular resolution. As described above, the angular resolution is 0.1 degree or

less, and the probability that the fourth reflector accidentally would be found
in this range is 1/1000 or less, and its conformity can be checked with a high
level of certaiqty. The interval resolution far the fourth reflector is about 1
meter, as mentioned above, thereby making 1t possible to further check
conformity. At the polnt vhen the fourth reflector is recogniiedj the reflector
can be detected almost certainly from a practical standpoint.

Figures 5 and 6__show a process for recoglizing the present position of the
automatic guided vehicle in the embodiment. PFigure 5 showé the travelling path
5;& the disposition.of the reflector (indicated by a circle(QQ). For example,
at tﬁe time when three reflectors are recognized, the triangle formed by these
reélectors almost cinldes with the reflectors 16-1 to 16-3 in Figure 5. Another
tfiangle nearly identical to the triangle does mot exist in Figure 5. When the

fourth reflector 15 added,.a quadrilateral identical to that formed by these
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fourth reflector is added, a quadrilateral identical to that forned by

t{ hese - ’ . . -11- four _points_does.not
exist in Figure 5. Thus, if there is information conckﬂﬁﬁh@ﬁﬁﬁéﬂﬁigﬁﬁhqe
between each of these reflectors and the |aser scanner {10, WsFa Ehree gor
nore reflectors, it is clear.that the reflector can be alnpbst specified."
Figure 6 shows a process for specifying a reflector. Let us assune that

t he "aut onmt feugypodnés daescnat 2xtsh ipeFauyet @d Jpust ifnthens dsainfoswatianon
along the travelling path, or that a plurality of positions at which four

or more refcomerning thendistancecsdwecneshchrof thesw iréflbctbrangnd ke asereddatmar
path. And Let us urther assume that the automatic guided vehicle 2 is

started up | . it L O t4pth ' t I rst
reflector i tguf g’éé nfhzrggfa? @g@ﬁl%&%ﬁﬁ?%g@@oﬁfé ng;r?bgerﬂ%é{&r' %2&*{3?‘%&16
residing on h&@ {Qﬁvelling path is N, the-hypot heses concerning
specificatié fighe reflectors are N ways. Next, when the second
reflector is recognized, the distance between the first and second

refl ectors that FigtretGushows! & proessa diodespeci fiyhng aerefi ectanceLebuaiassune bhatt he
techni que shown in Figure 3 is selected. At this tinme, the hypotheses

concer ni ng ' \ ' fa@ f f
where k1o RoPuRetRnBuged YaRcle T an R SERERL M uF IR Ly es o Bing

Consequent | en he third reflectpr is.resognized he .s e of the
Crianal et orhecttayeL g path Pr aft & bbira) St 6F B8P A8Re o WhiZHI 0 i
havi ng Iargelélthe same shape W ll remain as candidates for determ ning
the refl ect deflestarscanrbe: racogrd zedeareoprovided aleng-itha iteavelling path.c Asdilettyse
range of hypot heses concerni ng specification

further assume that -the automatic guided vehicle 2 is started up by elther

positicns mentioned above. At the time when the first reflector is recag}xized,
assuming that the total muber of reflectors 16 residing on the travelling path
{s N, the hypotheses concerning specification of the reflectors are N ways.
Next, when the second reflector 1s recognized, the distance between the first
and second reflectors that substantially coincldes with the distance obtained
by .the technique shown in Figure 3 is selected. At this time, the hypotheses
"concerning combinations of the first and second reflectors are kN ways, where k
Is between 1 and 10 but actually substantially closer to 1. Ounseqlxenfly, when
QE; third reflector‘iﬁ recognized, the shape of the triangle formed by these
three reflectors is defined, and only triangles having largely the same shape
will remain as candidates for determining the reflectors based on the reflectbr
map of Figure 5. As a result, the range of hypotheses concerning specification

of the reflectors are further limited. T —
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of the reflectors are further linited.

- 12 - Thus, the hypotheses concerning specificatjper-ef-the-+eflectors
are,limted to an extent such that calculation is noti rade™Eompl4caidd
and the present position and orientation of the autonlalj_c_ﬁﬁfxﬁéﬂﬁl_ﬂliﬁ e 2
Is calculated with respect to the remai ning hypot heses. For exanple, if
the hypotheses of 10 ways still remain, 10 possible combinations are :
obt ai ned for thBmsy dbehypqiheses concerning specificatiomol dhe refieatorsaxeildmifiedded
vehi'cle. |If necessary, the distance neasured between the |aser scanner 10

and each retbemt ettent sueh1that¢aterilation fanetimade éomslivated!, Ardetkl presene
obt ai ned by each hypot heses, and unreasonable hypotheses are elim nateéd.

Ther ef or e, | ' r | § 0BS; f r nt
posi t1 on anBoshtHiehehd BEtentpAlof o, fheCReBRRtL ofded PRI €231S ekl o
substantially smaller than 1. Here, the fourth and subsequent
reflectors ﬁgﬂ’eﬁn’-’? 1Hhe resaising haethesew thos Wﬁoriﬁ&? ypotheses REJOvays N\
ways is checked fromthe recogni zed angle and distance. The error rate is
roughl y obt stiiddrdmaimulld ipokyible dohisinations ark dbteinednfirethes prdsent @osbfionhe

| aser scanner 10 to 360 degrees by the ratio of .the distance resolution of

the | aser Sﬁﬁd‘%ﬂ%ﬁgﬂ%ﬂ 6#.1'%@5&![})]?@'5% %ﬁ??ﬁ%m tlh%eoésfktfffivalhebﬁ the

reflectors, and this value i1s s [ er than 000. TEere ore,

T o EASATHERE 15, AP i 10 A SR b ol s oY e ™

subsequent reflectors can_be recogni zed, the conformty is further

checked, foeaksubatedvalug ofitibe idistanpe obtained by earth dppathesese and4mreasquebies

Tethod hypotheses are eliminated. Therefore, at this time, there are mN possible
solutions for the present position and orientation of the automatic guided
vehicle, vhere m is substantially smailer than 1.

Here, the fourth and subsequent reflectors are further recognized, and the
conformity of hypotheses'of mN ways is checked from the recognized angle and
distance. The error rate is roughly obtained by multiplying the ratio of the
angle resolution of the_ laser scamner iD to 360 degrees by the ratlo of the
distance resolution of the laser scanner 10 to the standard deviation of the
interval between the refiectors, and this value is sufficiently smaller than

1;1000. Therefore, when four reflectors can be recognized, the error rate for
identifying the recognized reflegtors is 1/1000 or less. Assuming that the
fifth and subsequent reflecters can be recognized, the lconformity is further
checked, for exanple, by whether the error cbtained by the lesst squares method

for the present position obtained from the sngle and distance with respect to

———
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for the present position obtained fromthe angle ane-di-stance. W th respect

1 50) -13- -2 TRIS SHEET f“im\fBjF@F
refJectors is within a prespecified range or is noﬂwchecR@aAL Dl n the case
where the conformty is not sufficient, another attenpt is “made after the

posi-tion of the automatic guided veh|cIe changes. If conformty is checked
successfull¥i the automatic gU|ded vehicl e then goes to autononnus
|

travel | i ng. Yivehrefleehossdsswithin a prespeclfied nange entispandi ehegked. nukn thet easeed

beconmes the initial position, the reflector thus specified becones t he
first obseryhere ¢thé eohfurmitprid sotoseffichety, andther efttenitols mdei dfiteatthen is

repeated based on this information. |In other words, the | aser scanner 10.
performs sc ' 1 an ' ce
travel ed byapﬁ!eﬂg%?%rrgﬁ Mﬁgw %eéﬁ@é%%ﬁ%lf | n se ptek; P.gﬁ Haftv}legg @EQI&’I@I S
substantially |es han 1 reerctor wer e obseryved
consecut i velst)/‘?aiéﬁ‘&{)he %‘l,t"%t & gﬂ@?gé@b c‘?ot (B9EH 40 R Enompus; g’éﬂ"ﬁ{’é%ousl y
recogni zed reflectors, in the next recognition, a refléctor within a

prespeci fi ednaugdrmmsdtmvaﬂmgcetherprasenprmsmmItwmm@dmuQSettwnmitial
di stance values is specified as the same reflector as the previous one. I|f

there is a pPeyItied, ¢hd Q'éfle'ctox* thﬂo § ficd Beombs eRé ifh paid observéd Pbfledtort,0

the reflector map 18. When a ref or is thus identified, the present

position thgﬁgoguhsgqae?&?ﬁ“'tﬁs et}‘iggfiarogpeéﬁlcbfii% tﬁ r%%i!f)&! based on this

Information. In other words. the laser scanner 10 performs scanning at a
frequency of about 10 Hz, and because the distance traveled by the automatic
guided vehicle 2 in the period between scsns is substantially less thsn 1 m, It
is as if each reflector were chserved consecutively. As a result, with respect
to combinations of the previously reccgnized reflectors, in the next
recognition, a reflector within a prespecified angle and distance from
previously measured angle and distan,ce‘values is specified ;as the same
reflector as the previous one. If there is a new reflector, it s sought to be
~ ldentiffed by referring to the reflector map 18. When a reflector is thus

ldentified the present position thereof is recognized based on the

!dentiflcatinn
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14 - O ai ns; 1 An automatic gui ded vehicle system conprising a

plurality of reflectors disposed along a travelling pat h characterized in
t hat, 't he system corrprl ses an Jﬂ{"mﬂ”'ﬂ ﬂ,’ ’r vehicle iy ReE-Udi: z -y
scanner for obtaining an orie li ﬂ st ance of!the rﬁl gm s “é
reflector map, a means for terrporarl " speci*fying threeg ‘r'ef1~ec+er~s-b¥%~1
conparing recognition val ues of di stances with respect to the recognized
three refl ecClalmswi th the reflector map, and a neans for obtaining a
present position of the automatic gui ded vehicle based on the tenporary

speci fication. 1, AnZutdhtiRy H@dvenm dypcton oYt $1rgys phuradbtycofiretdcidrs
claim1, characterized in't It corrprl ses a neans for checking

of Tourt Lyaﬁé@%&eéﬁ'ﬁﬁ‘y f*?%‘ﬂ@@? Bt ‘éﬁﬁ"a@fbfif@e th 26 SR oA 455
2o ov BHoPAR) o e ERCLe st TR <Gl ot B e o LR

at least three refl ectors and tenporarily determ ning said reflectors by
conparing t hend ncd@tanwloﬁlﬂaearaféemw& a refiettarn map,mappeansdforbtariponaridya
presnt position of the automatic guided vehicle on the basis of the

tenporarily ﬁme dthi-é‘tf 'rmforsqgﬂc&@gﬂ | Fidofrli] 6 98BS of PESSthMCRR mh

confirmng t rarily obtailne position fromthe recognition
values of t h?esf gct“t %gdrets:tlegl;?l?fe%u filfee r%Hec%or%raith the reflector map, and s means
P

for obtaining a present position of the autoiatic gulded vehicle based on the

tamporary specificatian.

2. An antomatic guided vehicle system as claimed in claim 1, characterized
In that it comprises a means for checking conformity of said temporary
specification based on a recognition values of fourth and subsequent
reflectors. |

3. A method for navigating an automatic gutded vehicle comprising;
disposing a plurali-ty of reflectors along a t.rave!ling path; and recognizing an |
orientation and a distance of at least three reflectors; and temporarily
determining said reflectors by comparing the recogmzed distance vith a
f:;’lector map; and obtainging a presnt position of the automatic guided vehicle
on the basis of the temporarily specified reflector; and obtaining the present
position by confirming fhe temporarily obta.ined present position from thé

recognition values of the fourth and subsequent reflectors.
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