ATOVATI C GUI DED VEHI CLE SYSTEM ~  Field of the Invention The
~#resent invention relates to a navigating systemfor an automatig~ » gui ded
vehicle, and in particular, to the specification of a reflectorg i Gt
tenporarily determning the present position of the autonmatic guided
vl cl e. «dfackground of the Invention .. In the prior art, there is a
systemin which a plurality of reflectors are disposed along the

travelling path, and the refl q@?ﬂiF means of a |aser
scannér on an automatic guided ve |Ic(fage{lgﬁca culate Their present

position. When three reflectors can be recogni zed, the present position can

be calculated using the principle of triangulation, therefore, the problem
with #his _approach is that concerning whether such recogni zed reflector is-
to be spefieldeof the dnveatiahe refl-ectors on the reflector map. In this

case, this problemcan be easily solved by assigning identification data

such as, bar codie picsehbenventiont Aslated AveH Glavi pating’ Sydtefil furSai'gutomatic
expensive and require nmuch time to insta Therefore, in general, th
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position, the recognized reflector is.specified at the starting tine. Inm
subsequent Backgpourid: ¢fothe Invenpiapsent position is assurmed
| In the i:rior grtf,- there is a system in vhich a plurality of reflectors are
disposed along the travelling path, and the reflectors are recognized by means
of a.laser'scanner on ah automatic guided vehicle to calculate their present
position. When three reflectors can_he recognized, the present position can be
calculated using the_.prlncipl'e of‘ triangu_lafiaﬁ, therefore, the problem with
this. approaéh 1s that éoncenji_ng_f_whether such recognized reflector is to be
specified Whidi.. of"t-h'e"reﬂectors on the reflector map. In this caée, this
problem can be easily(solved by' assigning identification data such as bar codes
to the reflectors, however, such reflectors are expensive and require much time |
to install. Thereforé_, in general, the reflectors must be identical.

In order to specify a refleétor without assigning identification data to
the reflector itself, the start position of an’ automatic guided vehicle is input
to the Qutomatic guided,vehiclé. First, presuming that the automatic guided
vehicle starts t‘romaknown ;pb';iti.bn,',_ the recognized reflector is specified at
the starting time, Ih Suhsequerit'recognition; the present position is assumed
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-2.- based on the previous recogni zed position, and to specify the
.reflectors, the | aser scanner is assuned to have recogni zed t hose
reflectors that can be recogni zed at the present position. However, when
using this technique, if a reflector is incorrectly recognized, it
becomes i npessible to recognize the exact position of the automatic

gui ded vehicle, thus nmaking It uncontrollable. - I s an object of

t he presen r

ot er i i b G B hreP) AR flconizBl S o, ke 3&%&*8%?%‘11%’5’ the |
I's an additional object of the ,present inventign to en e even n w
appear ed r dASQR (SGARNGY, 1§ Assumed rta-have recognitzeastlmeaa h‘-’&ﬂﬁ? ths, e€¥“

the present invention to have a capablllty of ~determning the veIOC|t and
angul ar velrecognyzed at Ithe presentt posx@mxdeoﬂomVequ when usingethi satedhniqueysif iaon
and orientation. Summary of the Invention The present invention is

an aut omat 'r@ﬁéé‘t@?qsvmk&ﬁysiéiﬁgﬁmaaohebéé’més mpossme' 6 'tecdgrli2e Othe

nunber of tors arranged-along a travel ing path, a |aser scanner

orowt 5, ek ROFETH oF . Aot 6L ffEIE” PR bl L BSCHERIIIE, ,

storing the results of the speC|f|cat|on of reflectorsggg g on the
previ ous scanniligls annehiest rofr the preseptninvention: Lo spee af Lecgors, Wi Hhouthe

present scanning by determ ning a reflector |ocated mnthin a predeterm ned
anglt ﬁe r el demporaridy tdeterminingt theopresént positionusf the agtomatimnguided vehiciesane
= It isen a'dditi.om_al object of ‘the present invention to enable even newly
appeared reflectors to be specified. -
| It is an addltiaﬁal_ _objéct_-.of -the present invention to have a capability of
determining the velocity and angular velocity of the automatic_: guided vehicle,

-as well as its position and orientation.

Summary of tﬁe’ Invmtipn'

The present invention is an automatic guided vehicle system characterized
by comprising a large number of reflectors arranged alang a travelling path, a
laser scanner provided in an automatic_guided vehicle to determine the
orientation of each.tefle.cto.r by means of periodic scamning, a reflector map, a
means for storing the results of the specification of reflectors based on the
previous scanning, a means for specifying réflectors recognized during the
present scarming by deteﬁnining a reflectqi. located within a predetermined angle

relative to the results of the previous recognition to be the same as the
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-3+~ previous recognized reflector, and a neans for determning the present
.position of the automatic guided vehicle based on the specified

refl ectors. Preferably, the laser scanner determ nes the orientation
of and the distance to the reflector, and the specifying neans is
configured to specify a newy appeared reflector using the reflector map
and the distance relationship between the newy appeared reflector and the

IZﬁSﬁi ar :%P@%“i?&g f%%éﬂfe%ﬁgrwﬂéfﬁ?d%g?d&%eﬂaiﬁl (frtelpic B o4¢ #ﬁ%@ﬁ%ﬂm
Vol aci t§ o5 OflNer ALAREIF gk it ) Based o e wpseit 1o sefiecBirunt 11 1 ne

present time are integrated to determne the present position and
orientation. Preferabdys;dthe laser iseapmers determimest thenoriéntatéenlafs and thtee
specification of reflectors based on the previous scanning are stored, and

21?; lei eot o fEBES ta%the fUrLECRrD dAMe Salrying 'FE‘? e p SRy B S
et I ect or e‘éﬁ‘lﬁfsﬁr%é?ﬁf bt 8erdeC el e e o ol B ¢ ¥t ﬁg&%ﬁ&m
scanning. The present invention conpares the previous recogni zed val ue

with the phbetween theeyly appeared weblesyonand she rspeeified yeflectarsaner, and to

specify reflectors, treats simlar recogni zed values as the sane
reflectors, t héneid;tiﬁow,bpi-efgrahly, rthé lvetecity ahd angulapeowlbeity ofethe amamm y

and easily. In this way, reflectors can be accurately specified.

present i nyaidedorehfe afe® B6ternftivdrof dty 1430 OMres! spELireed perlavtotSi Nind the
velocities and angular velocities determlned fron a previously recognized
position until the present time are integrated to determine the present
position and orientation.

According to the present invention, the results of the specification of
reflectors based on the pre'v:ous scaming are stored and reflectors recognized
by the present scanning are specified by determmmg a reflector located within
a predetermined angle relative to the results of the previous recognition to be
the same as the previous recognized reflector Preferably, the preceding

" scanning is used as the previous scannmg The present invention compares the
previous reeogmzed value with the present recognized values by means of the
laser scanner, and to specify reflectors, treats similar recognized values as
the same reflectors, thereby enabling the reflecfors to be specified very
pronmptly and easlily._. In_;his__ way, _reflectors can be accurately specified.

The present invention.also specifies a newly, appeared reflector by using
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t he~-di stance rel ationship between the new y appeared reflector and the
specified reflectors, and referencing the reflector map. This
configuration enables the newy appeared reflector to be specified w thout
tenporarily determned the present position of the automatic guided

vehi cl e. Furthernore,. the present invention uses the results of the
recognition of three reflectors to determne the velocity and angul ar

vel ocity Ofﬂéé Afstansl PORdnshlY B@L@e&ﬂh@h@mpgg@ﬁuéﬁg peT]6ttop did"the! dpcifiagent

position an orientation. Thus, conpared etermnation of "the

resent posij4d on and orientation, bas n the unption that th
ot i o 56t efor3e ane EepOindioe B 3&F{octn, ey OIS RHmEfFlsht Eon, Exihies, she
recognition accuracy, and in addition, even if a velocity sensor or_an
angul ar vePe¥itt ppprared refkeqtop \fojbe speqified vaah@htattem;erﬁbﬁ dotermined thee

velocity or angular velocity can be determ ned i ndependently of such
sensors.  prédeqtipofitian optthemutémathe gildedivebicle. Figure 1 is a side view

of an automatic guided vehicle according to an enbodi nent of the present

i nventi on. ' j of Lsagr.any : : r
an automatic %@%@h?‘%?’gﬁ%r%ﬁgﬁ% %%ﬁ?%@ntﬁpﬁéqeﬁ@gﬁﬂefo@ S
a characterjstic diagram show.n he ,speci fi gation, of efl eqgtors at, their
initial poéhﬁ%r}'&?kg{ﬂ'&i ﬁg %}egﬂi““eﬁ%‘sd}’ ity' and ‘angpjar yelogify ‘of the
characteristic diagram show ng the specification of
automatic guided vehicle in order to determine {ts present position and
orientation. Thus, compared to the determination of the present position and
orientation based. on the assumption that the automatic guided vehicle is
stationary, this "cb:;fl'gurgt.ion--can improve- x;ecognition accuracy, and in
addition, even if a velocity sensor or an angular velocity sensor is provided

on the automatic guided vehicle; the velocity or angular velocity can be

determined independently of such sensors: - - -

Brief Description of the Drawing

Figure 1 is a §i,de view :o_f_ an automatic guided vehicle adcording to an
enbodiment of the present invention. | |

Figure 2 is a b_lack diagram showing a control system for an automatic
guidgd vehicle aocoz"ding to the embodiment. |

Figure 3 is 3 Eharacteristlc diagram shﬁwing the specification of
reflectors at thelr lnitial positions sccording to the embodiment.

Figure 4 is a characteristic diagram showing the specification of

[
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reftectors -at their initial “positions according to the enbodi nent.
Figure 5 shows the arrangenment of reflectors according to the enbodi ment.
Figure 6 is a flow chart denonstrating the recognition process for the

initial positions. - Fiogure 7 is a characteristic diagram show ng the
specification of .reflectors during the autonomous travelling process
according to the enbodinent. Figure 8 is a characteristic. diagram

showi ng thﬁeﬂee@rﬁiaafﬂew mhgxwmm&lwme%mﬂl ébofliment'c enbodi ment.

Figure 9 is a characteristic .diagram show ng processing for the velocity

amboai pent . Fieir:S ot e FkanaRlest, it retlCctReeffeale B b kbRl | 1o

present position during the autonnous travelling process accordln? to the
enbodi nent.  Figrei 6 d§ addowi ghart degonstireting:the recognitien peacess for the
Figures 1 to 6 show an enbodi ment of the present invention. Figure 1 shows
the struct imjd¢ial pesitborisomati c gui ded vehicle 2 wherein 4 is a vehicle body,
6 is alifter for elevating and | owering an article placed thereon, 8 is a

frame on "‘h'C*Figu*'@SPrisSSa&iﬁract@ris%E'& am’ $hdy#l tﬁ@vﬁec‘i?i‘fziﬂ'on of

section, and 14 a present p05|t|on recogni zi ng section.” The [aser
fg? ng{ O{O‘Eg{’ﬁ%ﬁ{rgd&g{;%@ autonomous ?rgveqeitiﬁgtgroéecss a‘r::ggxl' x}ge dtof the' @
embodiment. o
Figure. 8 is a charactenstlc dlagram showing the specification of a new
reflector acoordmg to. the enbodinmt Ca
Figure 9 is a c!mractenstxc diagram showing processing for the velocity
and angular velocity" ot‘. the automatic -gu.ided. vehicle according to the
enbodiment. | | o
Figure 10 xs a flow dlart showmg the recognltion of the present positlon :

during the autonomous travellmg process aomrding to the embodiment.

Detalled Descrlption of the Preferred Erbodiments
Flgures 1 to G show an enbodmmt of the present invention. Figure 1 shows
the structure of an automatic gulded vehicle 2 wherein 4 is a vehicle body, 6
~ 1s a lifter for elevating and lowering an article placed thereon, 8 is a frame
on which a laser scatmer 10 ls. plaeed, 12 is a travel oontrol section, and 14 is
a present positlon reoognizing sectlon The laser scanner rotates at, for

exanple 10 Bz and detects lxght refleeted from a ret‘lector 16 mounted on a wall
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ih A factory in order to deterntne the drstance to and orientation of the
reflector 16. The angular resolution of the reflector 16 is 0.1 degrees or
less, and the distance resolution is about 1 neter. Figure 2 shows a
control system for the automatic guided vehicle 2, wherein a present

posi tion recogni zing section 14 is provided w th |nfornat|on fromthe

| aser scanner 10 on the angle of a‘recognized reflector and its distance,
and cal cuim@aefadtoryr iis erdem doi détarmimel thei distanéetooind oeientatieniof ¢he ded
vehicle 2 by assuming that the automatic guided vehicle 2 is stationary

when the pg ?‘ﬁ&or PES! Phe pPasailificne 6t ithe ﬂe‘i’leétcﬁ-clﬁ &l 0% dekfees. or

addi tion, ter begi nning I aut ononous travelling, the present position

recognizrn sect i,Q ores det rm ned position and
orientatio 5f a!‘ﬂ Lfﬁéiéﬂ e&hp@éﬂhg h@ﬂél gﬁ'd uses the information
fromthe | aser scanner 10 on the a | e of and distance  to the reflector to
determine t he Kiguesc2tshoema eanbralasysien Sor ithe sirtomatic, guided vebiclg,?,dwherein
vehicle 2, and in this way, . the present position recogni zing section 14

i nt egr at esa (presentpositioh reebgnizingesection d4dis providedowi thi infofmation feom the
previous recognition point to the present tine, thereby determning the

present pOﬁ#sor Osl-ﬁnﬁéidlﬁ R e glglétbi‘)% Flcolniyed Yef [&itof dhid ﬂeddrﬁageéemd\s

subsyst ens present posttion recogni zi ng- sectron 1471 nc

{raver | ngUiufyte 3t i€ Bosftifn A5d ki fheith oF the Aebiartt Bfedd Fenpele g

the present position based .on the data in t he reflector nap 18 and the

data in th2 by-assumisg that rthe @utomaticreuided vehialet2 is stationary when the present
position recognizing sectlon 14 is activated. In addition, after begimning its |
autonomous travelllng, -the present position recognizing sectian 14 stores the
previous determi-ned-'-pasl:ﬂm' and orientation of the automatic guided vehicle 2
and uses the information from the laser scamer 10 on the angle of and distance
to the reflector to. determme the velocity and angular velocity of the autanatlc
gulded vehicle 2 and in- tlus way, the present posltlon recognizing section 14
integrates (accumulates) velocx tles and angular velocl tles from the previous
recognition point to the present tlme. thereby determmmg the present position
and the orlentatmn of the automatlc guided vehtcle As subsystems for the
present position reeognlzlng sectlon 14 include a reflector map 18 that stores
the p_osltions_ of ref-lectors elong the .travelllng path, a present pos1tion
calculation section 19 for calculatmg the present position based on the-data in -

the reflector map 18 and the data in the laser scamner 10, a time adjustment'

processing section 20 f‘or adJustmg its tlme to the time at the travel control
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processing section 20 for ‘adjusting its time to the time at the travel
.control s -7- section 12 and
translates the tinme counted by a tinmer for the present position '
recogni zing section 19 into the tinme counted by a tinmer for the travel
control section 12, and a reflector specification processing section 21
for specifying which reflector on the reflector map 18 a reflector

r ecogni zedséetidarh &2 |and ctransiates) ¢he tme counteltdiy actimer Soecthiel prasent pasition

Position Recognition upon start-up] Figures 3 to 6 show the
speci ficaty f .. &ﬁfm ikl v 10 Borft' e
orientati o%éagpﬂtz%gegﬁgﬁhaﬁﬂgfggdt%hi C egg bgpﬁghgﬁaﬁ%]&lpl.e%w | ring %hi S

, t t ti i ded, vehi 2.1 N d b t
i oure 3 oHRHL0N e e soPefiBtuar et Fuearioh BROCETIOE Yoot Pt 20 (8 RS yjre
16-3 that are recognized in this order. If the distance to the first
refl ect or Whichirefdeetor o thesrefigctornmapy18ta retlactor rrecogrized hyeithe daser

16-2 is defined as (b), and the angle between the first and second
refl ect or sschfinér dhdsl16-2 is. defined.as [err], the distance between the
first and the second reflectors. 16-1 and 16-2 can be determ ned using (a)

Fasol ut 1 on PR AP ShEAL Rafl o 8RE Poslti el BequBfiMI8F paf SATARY 07 ance
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the triangle formed by the three reflectors 16-1 to 16-3 is cal cul ated so

as to def i 9fc thepositienand orientation of gthe. automatic mudded-vehicke dsupon,stastmvpt i on

al gorithmfor specifying the reflectors and

During this -p_roct_ess-;:the automatic guided vehicle 2 is considered to be

stopped. Figure 3 shows the temporary specification of three reflectors 16-1 to
16-3 that are recognized in this order. . If the distance to the first reflector
16-1 is defined as (a), the distance to the second reflector 16-2 is defined as
(b), and the angle between the first and second reflectors 16-1 and 16-2 is
defined as §, the:distance between the first and the second reflectors 16-1
and 16-2 can be determined using (a) and (b) and the angle ¢ based on the
cosine theorem. Since the resolution for distances (a) and (b) is about 1
meter, the dista-_moe. resolution between the two reflectors 16-1 and 16-2 is
about 1.4 meters. When a third reflector 16-3 is then recognized, the length of
each side of the triangle formed by the three reflectors 16-1 to 16-3 is
calculated so as to define the shape of this triangle.

Figure 4 shows a recogni tion algorithm for specifying the reflectors and '

recognizing the present _positio_n of the automatic guided vehicle 2 in the case
This Sheet Has Been Replaced
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recogni zing the present position of the automatic guided vehicle 2 in the
case . -8 - where, for exanple, 4
refl.ectors are recogni zed. For exanple, N reflectors are assuned to exi st
along the travelling path. Since the initial position of the automatic

gui ded vehicle 2 is not assuned, when the first reflector 16-1 is _
recogni zed, there are hypot heses for specifying the reflectors. Next, the
second refﬂlﬂfeorfon@xﬂmls. rgceﬁncma arerrecogniged.t %ﬂs@@lﬂpkﬁ,rﬂfﬂ@lﬁﬁorﬂam
must exist at a predeterm ned distance fromthe first reflector 16-1, and

the distogatmed10/edisvalong oo tiavbl hs. STh& the tartial position/ 6 the
exanpl e, arranged at an average interval of 10 neters, and the standard

devi ati on c t

refl ector smarog'ﬂgircegﬁﬂegrv&“g és%ffg I{quagsﬁﬁfg Wéﬁv\}ﬁ ﬁﬁgft{%??anggdlé rj't he
standard deviatjo | f the | stance between the f d secon

refl ect or STRGQEN re@@!j%laféﬁmmﬁﬁs or Spaeifying p‘??i]?%rﬁo ﬂe&t:rrﬂ"%r s,
candi dates for the second reflector can be selected fromthose arranged
adj acent tsecohé reflector df6-2disorecapnized; andhihens ythe fecomd refil entor16-2Nmst t he
second reflector is recogni'zed, the nunber of candidates for this

reflector gk Bt‘@%e&itéﬁﬁpﬁﬁd“ﬂﬁﬁaﬁc@r fi'Jil? tﬂeSﬁ'rhkereﬂgE?&MsLPn%rxﬂ the

reflectors) 1s about kN ways, wherein k between 1 an

[err] 10) t ird
reflector %ﬁ?@ r?é@‘o‘ér\bée' % ;@ﬁﬁt%ﬁé t eaﬁ%fl“tglésnﬁgge?ogf%&?hree
reflectors 16-1 to 16-3 nust,  coincide wth any on of t triangl es,on t.he
reflector ARfSnged atAﬂntﬂ’{P%o*ﬂﬁrvﬁlk@ 40 meters: | s j gestiat WPO‘P ttg%

three reflectors decrease down to mN ways (m< 1), so the
distance between the reflectors is 5 meters, and the reflectors are presmnably

distributed uniformly w_lthm the range of the standard deviation. If the
distance between the first 'an& second reflectors can be recognized with an
accuracy corre_sponding.to 1.4 méters, candidates for the second reflector can be
selected from those arranged _-adJa_gent_ to-the first reflector at a probability
of one in seven. ~ When the sgcon;i: _r;,_je_i‘_lec_to.r 1s recognized, the number of
candidates for this reflector (the nul_nbg_r _pf_.hypotheses for the possible
corbinations of reflectors) is about kN ways, vherein k is between 1 and 10 (1
= k = 10) and vherein k is in fact mch ploser to 1.

Next, the third ref}ector 16-3 is r‘-eéogni.zed, and then, the triangle
composed of the three reflectors _16-1 to 16-3 must coincide with any one of the
triangles on the reflector map 18. At this point, the combinations of
candidates for the three reflei;,t_o_rs_ decrease down to mN ways (m < 1), so the

number of cangil_dateg sut;stgn;_ial_ly__.@ecreas_es._ Thus, with respect to the
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nurmber of candi dates substantially decreases. Thus, with respect to the
.candi dates of nN ways, the present position of the automatic guided vehicle
2 is determ ned based on the principles of triangulation. In this respect,
informati on on the angle of the three reflectors enables the position and
orientation of the autonatic guided vehicle 2 to be determned, as is well
known. Wth respect to the present position of the automatic guided vehicle
obt ai ned f candidatesMofimy wayshdhelipresentepdsitiencof tthe automsticegdided wehidle-2 to
16- 3 is calculated and conpared with the recognition val ue neasured by

e ) aser 1§ BB ke e irifE ATt 'R 15ARIBE R Qﬂeﬂhsmﬁgﬁe@i}e

hypot hesi s speci fyl ng t r Iectors er narro

For exanpl g he cas mhere t e | 1 .total Iect
or in the mﬂmne ﬂ'geg' €y 'l'f@ 5??!@&50; %ef‘?ﬁfer%gé? tq°5ﬁ g
to the automatic QU|ded vehlcle 2 (the bl ock nunber when the travellln?
path is detiensation: of Lheautoaticoguideds vehigkardite)be deternined, @ssts weble

additional information on whether each reflector is seen on the right side

in front okndwhe Withwespectoteahs presert positioid lofSthue atitomatix!igui ddievéliicte
reflectors can be specified rather accurately at this tinme. Assuming that

2?&35?3@%%‘??8%@!{%@%?2@%2? Stoh6, ERIeRh tmo TuRel derloctor I 18- 1

T when TS ehfZn entmd colgBred FABYE reSies?elan vie GasbElpy sBb felSe,

| ess at the t| me when the third reflector is recognized, and in addition,

when the dseanner d0pandefurther pagceedatha: ognfommy check and the hypothesis for
specifying the three reflectors:is.further narroved.

For example, in the.case where there is a-'small total mumber of reflectors,
or in the case where an approximate value of the initial position is input to
the automatic guided Vel_xilcle 2 (the block number when the travelling path is
divided into about =1._0:.;_-b1‘pd¢s,__.fdr exampl€e), or in the case where additional
information on vhether: each ref-lect_or. is seen'._'on- thé right side in front of the
travelling path or on ‘the left,s:ide is input, the three reflectors can be
specified rather accurately at this time. Assuming fhat the distance resolution
between the reflectors is about 1.4 metefs aﬁd the standard deviation of the
interval between the.reflectors. .isl about 5 meters, the value for k is, for
example, s'lightly larger than 1. at the time when the second reflector is
recognized, and the vajue of mis 1 or less at the time when the third reflector
is recognized, and in pg_ld__ition, when the distance between _the automatic guided

vehicle 2 and each reflector is cl;ecked after the calculation of the present

—_—
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vehicle 2 and each reflector is checked after the cal culation of the
present ) : _ . .- 10 - position, the

val ue for mbeconmes nuch snmaller than 1. Here, if there is a general data
on the initial position of the automatic guided vehicle 2 or on additional
data such as discri-m nation of -whether each reflector is seen on the right
or left side of the travelling Eath, the value for mis sufficiently

decr ease, posdtion,atherwaluesfor & becomeatmuchgsmad ber thaum d.c Here; eiff thereds a

reflectors can be al nost specified on the map 18. When t he nunber of

refl ect or spdneraln dat 9AdtHeY Ikiteal pofftiohtof thedutimitte tphidéd 98hRe1eN? or on
condition wherein three reflectors can be recognized into a conditon

wherein fo dj tiondP dita Slaras %g«?ﬁﬁhﬁi"m{ ‘afg‘ﬁgi:ﬁﬁdeac#r%eﬁ&gﬁgii% %@r&: 'the

fourth re 'S Tecognl ze 'S pOS e to.Tirs

conformty o revious .recogni zed reflectors for et her was cqrrect or
not with r cg" ﬁ@f éﬁgﬁlocfr E%stsmlﬁéngm; deﬂ"@rY%@G Wels ¢ fbﬁﬁ‘g?&ltgy

resolution is 0.1 degree or less, and the probability that the fourth
refl ect or decriedset adnd/ imoal shald scalel avtomatic guided vehitleO$ystem, ¢hrpee and
its conformty can be checked with a high level of certainty. The interval

resol uti onpdpPéctioh® chR et Amost ! ®led &th%pjig_rret er, as nentioned above,

thereby naking it possible to further--check “conformty. At the point when
the fourth ref tQr | e ' t | _ t.ec t
cortai nl y 1 oritin stk b SRk FBors ¥ Sreaid B 058 3B BEIRRFRIBITRG.
for recognizing the present position of the autqmatic g%haed vehicle in
the enbodi ¢hange the gondi thons agrein three peflectary qanthe regognized imte b emdisan of
the reflector (indicated by a circle[err]). For exanple, '

wherein four or more reflectors can be recognizéd:. In the case where the fourth

reflector is recognized; it is possible to first check the conformity of

previous recognized reflectors for whether was correct or not with respect to

. angular resolution;. As described above, the angular resolution is 0.1 degree or
less, and the probgl_)._il-lit'y_%.tllgi_; the: fqurt_h_- reflector accidentally would be found
in this range is 1/1000-or less, and its cqm‘_fqrmity can be checked with a high

level of certainty. The Interval resolution for the fourth reflector is about 1

meter, as mentioned ab_o've, thereby making it possible to further check
conformity. At ﬂp_pol_n_t vhen the fouxjth. rgfiector isrecognized,' the reflector
can be detected almost'c_ertainly from a pra_cti.cal standpoint.

Figures 5 and 6 shqw a'pr_ocess for recognizing the present position of the
automatic guide_d vehic}e in the'_ enbodiment Figure 5 shows the trévelling path
and the disposition .9? the l_'et__‘_lect__ox_'_ (indlqatéd by a __circl'eO).' For example,

at the time vhen three reflectors are. recognized, the triangle formed by these
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at the time when three reflectors are recogni zed, the triangle formed by

-t hese : - 11 - reflectors al nbst
cinides with the reflectors 16-1 to 16-3 in Figure 5. Another triangle
nearly identical to the triangle does not exist in Figure 5. Wen the
fourth reflector is added, a quadrilateral identical to that formed by
these four points does not exist in Figure 5. Thus, if there is

i nf or mat i opef]ectops alingsy ¢intdad withatheerdfteotory 16k o A6-3 Haskigus 5echasthepnd
the | aser scanner 10, using three or nore reflectors, it is clear that the
t
i

refl ector | T Fi Qur es I
speci fyi ngﬁg% ec dﬁ%&&g;ﬂ?&ntgl%? dﬁé@é%’%%ﬁﬁ?‘cﬂgﬂféégd \?gﬁl?g}l% 2
can be stagted. u t an arbitrar osi,tion al the travel]in ath, or
Chat o pl cpoireh FesTease; £ anded: d pae1atiral fdesitcal *to /thaf foruelt BR st
recogni zed are provided along the travelling path. And Let us further
assune t hafoumhgodntodeeiscnotiiaxdat vihiFigere 5.s Thus,t dd thete isi information -

positions nmentioned above. At the tine when the first reflector is

recogni zedeoncafifingi the- disthndeBetweérR leadh 6P athesd  réflecesiisOand 1he NaSdrdséshnep
the travelling path is N, the hypotheses concerning specification of the

refl ect orsygr " h r efL.oL,. ot C | he
i st ance. oRbiie; kS or Mpe ret{teRors, O Riehr” et el gl fetof 1 Hef §fhost ™
coincides with the distance obtained by the technique shown in Figure 3 is
sel ected. hecified. ¢ nme, - t'he hypot heses * concerning conbi nati ons of the
first and second reflectors are kN ways, where k is between 1 and 10 but
actual Iy substBigurel8 shawsoa qrocesslforCspacd fiyingt a yref héutor. t bet wisi assume fthatt or
i's recogni zed, the shapée of the triangle forned by these
the automatic guided vehicle 2 can be started up at an arbitrary position along
the travelling path, or that a plurality of positions at which four or more
reflectors can be recognized are "brovided along the travelling path. And Let us
further assume that the automatic guided vehicle 2-is started up by ei"chér
positions mentioned above. At the time when the first reflector is recognized,
assuning that the total mmber of reflectors 16 residing on'the travelling path
is'N, the hypotheses concerning specification of the reflectors are N ways.
Next, when the second -rgﬂectbr is _rgbogxliied, the distance between the first
and second reflectors that substantially coincides with the distance obtalned
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. Consequently, when
the third reflector {s recognized, the shape of the triangle formed by these

three reflectors is defined, and only trlangles having largely the same shape
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three reflectors is defined, and only triangles having |argely the sane
.shape - 12 - wll remain as
candi dates for deternining the reflectors based on the reflector nap of
Figure 5. As a result, the range of hypotheses concerning specification of
the reflectors are further |i'mted: ' Thus, the hypot heses concerning
specification of the reflectors are limted to an extent such that

cal cul at i owililsremain endandidapés fov determiningtherefiectors based onrtherméflector
orientation of the automatic guided vehicle 2 is calculated with respect

to the remgigg xgﬁe NCACS: reslt, CHPirfpe off hylthERea0idiBsiing fspddl feat
still remanifmr?r| f\g gbl?coﬁml nat i ons e obt-ai ned for thengr sent o
position |on tic guided vehicle. If necessary,
t he di stan Fuéﬁﬁﬂﬂhgﬁﬁﬁggr scanner 10 and each reflector is
conpar ed mﬁth a caIcuIated val ue of the distance obtained by each

hypot heses, ankbmgnthadypotbeses eonoerming specificasiomph ghe ref ivesors are limited hi s
time, there are nmN possible - solutions for the present position and

orientati oto @ah éxtentwuelivhat calcdbstion iy A0 madé Tomplidated, ahd etheprezent
nunber | ess or equal to 1. Here, the fourth and subsequent retlectors

are furt hf%oﬂfﬁdlﬂﬂﬁ&%ﬂterﬁﬁg hgﬁ tﬁé”hgt%ng‘ti%’ ﬁld&ygﬂh‘&éeﬁgf Bl 14Reg Wi

checked f recogni ze e.an e error ra e I's roughly

ccanner - 1oNesgBub00 b bmaining Biesthgtes, " Sor Sdmpla, oitaHia bieBies o 187k

| aser scanner 10 to the standard devi.ation of the interval between the

ref | ect or s§tidhdramain, 18Ipossiblesconbinations yare mhitained fon the/present phsitdpnr e,

when four reflectors can be recognized, the error rate for
and orientation of the automatic guided vehicle. If necessary, the distance
measured between thef.-laser scahner 10 and each' reflector is compared with a
calculated value of the dlstance-ohtained by each hypotheses, and unreasonable
hypotheses are ellmlnatéd Therefore, at this time, there are mN possible
solutions for the present posltlon and orlentation of the automatic guided
vehicle, where m ls for exmple, a nuni:er less or equal to 1.

Here, the fourth and subsequent reflectors are further recognized, and the
conformi ty of hypotheses of mN ways 1s checked from the recognized angle and
dtstance The error rate is roughly obtamed by multiplying the ratio of the
angle resolutlon of the laser scanner 10 to 360 degrees by the ratio of the
distance resolutlon.of the laser scamner 10 to the standard deviation of the
interval between the reflectors, and this value is sufficiently smaller than

1/1000. Therefore when four reflectors can be reoogm ized, the error rate for

ldentlfylng the reoognized reflectors is 1/1000 or less. Assuming that the

This Shee

//ll/l///m/////m/tt“ i . FEEe

CED

¥E/ST "4 £9L6 ON A : i E LR [OCkBT OR7UC HoceT



i dentifying the recogni zed reflectors is 1/1000 or |ess. Assumi ng that the
- 13 - fifth and subsequent reflectors can be recogni zed, the conformty
is further checked, for exanple, by whether the error obtained by the:

| east squares nethod for the present position obtained fromthe angle and
di stance with respect to 'five reflectors is within a prespecified range or
I's not checked. In the case where the conformty is not sufficient,

anot her at fifithtands subseéquenttt refleetorspean bé mecagnized, 2be wonfirmi tyilsefunther cl e
changes. If conformity is checked successfully, the automatic guided

vehi cl e t hacR&E SEdr0 mgﬁpg&ﬂk?%le'éﬁ&_obtﬂnéd”b?“ﬂ@}&sv ésiMPo&he

present position thus obtained becones the initial “position, the reflector

t hus specijie first, obs ed reflect I t he
ot oot or (ol REFERE posEeion BitaDl kil ohe i, 8 o1 Sfbes WIRE HeSRlce 1o
words, the | aser scanner 10 performs scanning at a frequency of about 10
Hz, and betivgsrefleetons dsawithin aspraspecifjed wange on damat &ﬁﬂt d Iebejcase jn
t he period between scanning is substantially less than 1 neter, it is as

i f each revheret the wonformi sy riscrot sufficiientelanother attempt is madet af tersphet
to conbi nations of the previously recognized reflectors, in the next

" ecogni {i Ofios 216 b otiehutel bi ) e QUICPEIELE | BAngUY| CTERENSAI IS Hickled

previously” neasured angl e and di'stance values I'S speci as ‘the same

(o1 20t O, oBeblfnf) HoouRoRHic o okl FHBeLE shof Bt B o rbr BT

i denti T oaln eutonomous travelling, fhe present position this obtainsd becones the inltial
position, the reflector thus s@ified-beeﬁnﬁs the first observed reflector,
and 'subs'eque'ntly,-':tl'le reflector specification 1s repeated based on this
information. In-other{words,=the.laser-scaﬁner 10 performs scanning at a
frequency of about 10 Hz, and because the distance traveled by the automatic
guided vehicle 2 in the_peri’od between scanning is substantially less than 1
meter, {t is as-if each reflector were observed consecutivély. As a result,
with respect to qnmﬁinations of the previously récognized reflectors, in the
next recognition._plreflectoy within a prespecified angle and distance from
previously neasuréd aﬁgle and distance values 1s specified as the same reflector
as the previous ﬁne_. If there Is a mew reflector, it is sought to be
identified by referring to the reflector map 18. When a reflector is thus
identified, the present position thereof 1is .recognized based on the

identification.

[Autonomous travelling]
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[AutononDus travel |i ng] - 14 -
Once the initial position and orientation of the automatic gui ded vehicle 2
have been determ ned using the processing and configuration in Figures 1 to
‘6, the automatic guided vehicle 2 starts running and then switches to

aut ononous travel ling. During the autononous travelling process, if a
problen1occurs I n the recognition of the fresent position, the processing

in Figures 3 tamee the initiadepositionandeardentationcof the iautomptia guised sghicle 2

Since it is well known that the present position and orientation of the

automati c Kavedssén'dterlined ustng lthe peecessingeshdoyvoriigarat Yo dntRigares 1 to 6,

refl ectors, the point of autononnus travelling is the specification of

wherei n ¢ niRRIToBAtLc: GRS BaflE GaPed ot B CHRACYIIELAEL 86 axidiots
recogni zed ref{ eictor and ¥i41ere| n the oI Ildlgl I nes showft he it ance to and
ori ent at i obFayelk Bg grocess, 1 h@q&’ &, 0eQUrSs 1R e

| ast recognition are not necessar|ly used and the results of the
recogni t i othe betognitionsef the: presentepositiusathe pheceseing in Elguresaa tabt is
recognition are stored in.a reflector specification processing section 21.

Since the *@é@fedswmré.(%h@)qgfm*ogfﬂ%l%iﬂlt for exanple, 10 Hz and the
runni ng vel 00|ty of the automati.c gui ded Icle 2 is about 1 neter per

e aseht SOHETEC ST oy e B,
houeaor® Padtgsstle gy @e&“qgﬁl‘&é § n t‘i'ee‘le&eg*}.'i%eaeb% &2&&“ re Fefléctors,
the point of autonomous travelling is the specxfwatlon of the reflectors.

Figure 7 shows a method for speclfymg reflectors wherein the broken lines
show the orientation of and distance to the last recognized reflector and
wherein the solid l-ihes*show the distance' to and orientation of the present
recognized reflector

The results of the last reooghltlon are not necessanly used and the
results of the reoogmtxons before last can be used 1nstead The results of the
last reoogmtlm are stored ln a reflector speclflcation processing section 21.

Sinoe the laser scanner 10 executes scamung at for example, 10 Hz and the
running velocity of the automtic gluded vehlcle 2 is about 1 meter per second,
the ‘distance between the last position of the laser scanner 10 and the present
position of the laser scehner 10 is ebout 10 centlmeters. The distance between
the automatic guided velucle 2 and the reflector, however, s generally 1 meter
or more, S0 ln a sense the laser scanner 10 contmuously recognizes the

e
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or hore, so in a sense the |aser scanner 10 continuously recogni zes the
-15 - reflectors. A change in the distance between the |aser scanner 10
and .t he reflector caused by the novenment of the automatic guided vehicle
2 over about 10 centimeters generally is equal to or less than a distance
resolution for the | aser ‘'scanner 10, -and thus, with respect to the

di stance, al nost the sane results can be obtained within the effective

.range of veeflectonsn ohighenge inithe distenes between bhe laser tseenmersdp andather
10 and the reflector 16 is, for exanple, 1 neter and if the | aser scanner

10 has novesfldctor anbseieby the mvement) of the iantomatic goidedivehicle 2 @ver abeut £
degrees at nost. In general,  the distance between the | aser scanner 10

d th : i geryd. 1 . he ' | '
and the refdehdlors ;éag%lgg lst E@Jﬁl tﬁkﬁeﬁg‘g}ab & tﬁgﬁﬂ}%? ﬁ?g'i'uﬂrohefﬁla%é) .

reaches a maxi nmum v rave rectl automati c
gui ded vehjcle 2 is perpendicul ar to the positign aof fhe reflectoy,. I n
Goneral | hiARercscanel 16 R 3huf. i rSaRer so, ik, distanice. alapst  fhie, sand
direction of the automatic guided vehicle 2 and the reflector is not -

limted toresuits camibgl ehtained within tbe gffeative iramgeacf values:.i nip addithangt if
scanning wl | correspond to a relatively small angle. This is generally

l ess than ¢hed@istafce betwesn RS 1hidreScaniélv 20 and the réfléctoPersel P eoreaplees

assuned, a reflector that bas al nost the sane dlstance to the | aser .
change i n et 3plt {f° 6 12866 seie®l6 gl ok Yy bene pRYST) Bk kel I,

i re 7, a nmask i s_used iﬂ ggiaﬂ t he al | owabl e
i Abg disf

reflector. For example, in Fig
range of a°@ﬁ§Fﬂé°Hﬁst 'f%‘%ﬂ?ﬂaﬁé’@ﬂ%rﬁq mest.osin geness anee between

the laser scanner 10 and the reflector {s greater than 1 meter and the change
in orientation reachés a maximum value when-the travelling direction of the
‘automatic guided véhicle_z 1s. perpendicular to the position of the reflector.

In general, however,” the locational relationship between the travelling
direction of the autamatjg'guidgd vehicle 2.-and the reflector is not limited to
this angle, and the change in quentdtihnzduring-the next scamning will
correspond to a relatlyely:small angle. This is generally less thanls degrees, -
as described above. | -

With these preré,quis_itgs_ assumed, a r.efl;_e;:tor that has almost the same
distance to the laser scamner as the last recognized reflector and that is
subjected to a small change in orientation may be assumed to be the same as the
last recognized reflector. For example, in Figure 7, a mask is used in which
the allowable range of a;qhange in the distance from the last recognized value
is defined as Ar, and in ~wh‘ic_:h the change .lin, angle is defined as A8 (AG is

This Sheet Has Been Replaced

L

76/81 4 €946 ON | o i KopkhT ACTHS HARRT

THIS SHEET Has BEEN
REPLA '

15
: CED




is defined as [err]r, and in which the change in angle is defined as [err]
([err] is . _

REPLACEMENT SHEET AP T : - 16 - fixed

i rrespective of distance(r)) or [err] (r)- ([err] changes according to the
di stance between the |aser scanner 10 and the reflector 16 and is, for
exanple, inversely proportional to the distance, or [err] is fixed as a
decr easi ngfixeshirtespeetverof ‘distancale) | ror) A @rir) A A Ichanges accordig th ethet O

be the sane as the last reflector if a peak is recognized within this mask .

during t he dpstanes between the Maser scanner 10 &4 FiFPréf eBturi s aﬁ&hisc'f%r%‘églsts

about 10 centineters during a single scanning, so In nost cades,

scanning a r ANL NGy I ©C ze th a eflector.. I n these
cases, by TeriR1f GropRFt RRRSTH e EEBRRRE G o A PR TR ENeCES X desfonsine

wi thin the _ mask for the distance and angle (orientation) to be the sane as

the |ast révmctionmof the-distanca: ()}, cand a-reflector issspenifieditads the same as| f

the | ast recogni zed reflector fails to be recogni zed during the present
scanni ng, the dasttrefiector if apeakvisi recognized whthin this makk <hwbig tdreseate
two possible reasons for this, either the reflector is tenporarily
obstruct edgiyngne.certain object, or it has literally noved out of sight due
to the travelling of the autonmati:c gui-ded vehicle 2. In either case, a

excl uded 1 om PRCARSRYE oL RIAEE 2 vl it Tocomelanters durlfgra singlpean
of a newreflector that was not recognized during the |ast scanning, the
new peak i SCAHEE; i ¥ In mastitcasespoher 1nst denannimgiang the preseattscanning
recognize the same reflector. . In. _t___hesg cases, by assuming a reflector that
coincides wi th the last scanning v)ithin.— the ﬁask for. the distance and angle
(orientation) to be the same as the last reflector, the reflector can easily be
specified again. |
If the last recognized reflector fails .to be recognized during the present
scanning, thi_sref.l-éerl_':‘c_)z-;-:.il_s assamed. to hailej moved out of sight. There are two
possible reasons for this, e_},ther_ the reflector i_S temporarily obstructed by a
certain object, or it has 1iterally moved out of sight due to the travelling of
the automatic guided vehicle 2. In either case, a reflector that camnot be
recognized during the present scanning is excluded from the processing as one
that cannot be seen. |
.If the peak of a new reflector that was not recognized during the last
scaming, the new peak ls spgci f:edwithout _tenpor_arily determining the present

position of the aq.tqmg,tl.c, gu_id:ed' vehicle 2. If the three reflectors have been
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position of the automatic guided vehicle 2. |If the three reflectors have
-been _ -17 - recogni zed as
shown in Figure 3, the shape of the triangl'e conmposed of the three
reflectors can be al nost determ ned by neasuring the distance between each
of the reflectors and the | aser scanner 10. Most- of the reflectors were
specified in the previous scanning and thus can easily be specified again,.
so there péomghizddeas showm imoFigurpcd, ttheshape | ofcthe dréamgle nomposedtdfe thew
peak (the recognized value of the reflector) of the reflected |light. Then,

the shape iree rafldctoraéinhé QLY diteimified by Mebfiring the dPStanké befiedh Badkd

fromthe distances between each of the reflectors and the | aser scanner,

and t he ne K_] ifi b [ ingath f r gure

2" shows ¢ ik BRorefdectiit bl the {aidi SEBRRrC R0 Bolf 1 e reF)Befdny, el

specified while the reflector 16- 3 has, been unspeci fjed, wherein {he

il st ances SREchEied it ahe prewlons scaming and tyis can skl ynbe sheei1ed A2al0. SO

are respectively defined as (a), (b) and (c), and wherein the angles

bet ween t htherefsheukdbe tué-of mord speelfiad teblactersnexisting £6r ¢he mew peék X thed

16-3 are defined as [err] and [err],.respectively. Then, the shape of the

trirangle f%dﬁ%giié& vallGe 'beﬂlﬁPfcg'léct%?).%ft-&elgeﬁeéﬁedaﬁgh'ﬂit Then,' Yhe sml%pe of
, a r ef - t

det erm ned t he unspecifie ector 16-3 can exist at only poi nts

on the right therefl [ 18. int .th cqi neisdes ,bes i th
ot her Cof Efé, sFiapels ebied ¥yl Shasktpedl reFBRulY 14 WahaiflnBf PR 48 Ui siincts
manner, the recognized refléectors can_be very easily specified wthout
t enpor ar i | jetween fachnef dhe heefeetans: and shei kasess seanpeny tandathe nguipeak is
vehicle 2. [Detection of Velocity and-Angul ar Vel ocity] '

: specified by referencing the reflector map 18. Figure 8 shows this process

wherein the reflectors 16-1 and-16-2 have been specified while the reflector 16-
3 has been unspecified; wherein: the distancés between the reflectors 16-1 to 16-
3 and the laser scaﬁﬂerlﬂ are respectively def‘inea as (a), (b) and (c), and
wherein the angles between 'th‘e_.re.f-lectors -15-1 and 16-2 and between the
reflectofs 16-2 and 16-3 are't:iefine-d:aé-e'- and ¢ ., respectively. Then, the
shape of the triangle'fo:.'med by the reﬂectors 16-1 fo 16-3 is automatically
determined, and the _unspecified réfl_-edtor .'16-3 can exist at only two points on
the right of the i;efleé:for map 18. A point that coincides best with either of
the two points may be sﬁécified as thé refl‘ector 16-3. In this mamner, the
.recc':gnized reflectors can be very easily specified without temporarily
determining the prés&nt posltloﬁ of the automatic guided vehicle 2.

[Detection of _Yelo_cii_:y and Ang_ular_ Velocity]

It is well known that the present position and orientation of the automatic
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It s well known that the present position and orientation of the automatic
- 18 - gui ded vehicle 2 can be determ ned by specifying three reflectors.
This well- known nethod, however, has a prerequisite that the automatic
gui ded vehicle 2 is stationary or that the present position recognizing
section 14 receives information-an the velocity and angul ar velocity of
the vehicle body fromthe travel control section 12. Actually, the

autonati c guiidde Veliitlec? @aR besdetermivied |bynspecifying theve eefldctersaosTHisorel 1-

recognition accuracy, it is not preferable to assume that the automatic

gui ded Vel fethdd s hBIE R o frerefsi ¥ MRt Ane! ko1 R R Hd YehfiAe

vehicle 2 centlnb uri singl e scannin cat1 ona

error of at 10 centi s occurs if,the automatic i.deq ,vehicgle 2
s presurmbd &‘*gtmsxétrytﬁﬁﬁbﬁ@rseﬁbt pAsHon tpepsmmsssei#aoeﬁg%r%ﬁewes
vel ocities determ ned by the sensor nmounted on the automatic guided
vehicl e 2 inforvationtan the yekocity jand tangular: yelonttyief gbei mhicieebgdx £romthe he

angul ar velocity are not reliable. I'n addition, the constant input of

i nfor mati oprgvelt Bentt@ll 0sédtion’ 1L2ANg Uk tla M§, Othd mutam ifch§uideﬂ/tvbh£ﬂ”é 12005
section 12 to the present position recognizing section 14 increases the

e e NI, M S R o S5 byl 10 o

i ndependent of the travel control section 12 and re ni,ze the prese
posi ti on wpkefsTablgate asswme that the M@M%@Melwipgﬁ%lis stgt F'Xve%hi s

end, the automatic guided vehiclé 2" determines its own velocity and
angul ar vefmcex;miectnhel atyl;omath: geidndl vehiehel 2 travels 10 centimeters during a

single scanning, a locational error of at most 10 centimeters occurs if the
automatic guided vehicle 2 is presumahly stationary On the other hand,
velocities and angular .-velocities determined by the sensor mounted on the |
autometic guided Vehicle 2 are uncertain:, "and in particular, the detection
results for the'angnlgr*veloeity atennOt';eiieble. In addition, the constant
input of information on the velocity or:angular v_'elocity from the travel control
section 12 to the present position recognizing section 14 increases the need to
commmicate within the automatic guided vehicle 2. Thus, the embodiment allows
the present position recogmzmg section 14 to be independent of the travel
control section 12 and recognize the present position without data from the
travel control section 12. To achieve this end, the sutomatic guided vehicle 2
determines its own velocity and anéular velocity (actually, the velocity and
angular velocity of the frame 8 of the laser scammer 10). As a prerequisite for

this, the embodiment el mmates the effect of deiavs from the point at which

\\ .
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angular veIocrty of the frane 8 of. the Iaser scanner 10). As a prerequisite
for this, the enbodinment elimnates the effect of delays fromthe point at
whi ¢ch - - 19 - t he | aser
scanner 10 recogni zes the reflector 16 until the processing. is ended.

The processing for the time delay-is very-sinple. According to the

enbodi nent, the travel control section 12 sends its tinmer signals to the

present pogietfaser seameni 10 repogizes cthe Iréf bécton 18ptdprihetprotessing s canded.,
and the present positi.on recogni zi ng section 14 conpares |ts trner srgnal

with the %%95@51?1@01”911 tfe ttrlii%e&el%gnﬁcf)er iple, ﬁ’l tra

dat a requrred conve to theti

section 12. S n _ca | fferen t we

count ed b)F“le r'r&e Eh‘-’ofct % C°F€°£(ieﬁe%ﬁﬁf'r 5589&&? ?gn%f'négm&esp
position recognizing section 14 is a difference in clock frequency To
execut e, frresentzpgsitionrecognigingosecstan bh attaneappropriate timmintervalscandthe 2
inputs times to the present position recognizing section 14 at a

predet er Fedeﬁﬂ B0 i tToft " MeogniHink Ssec CorP '14SEMpaPes itk Ofi mer ' SIpAADI Wil thOthe

section 14 carries ‘out correction by deterntnrng a proportional

coefficie e | ” r t
The vel ocﬁlgéan&gk%ﬁgﬂ We?g%%?y&g?gdcé% g?'lezdgégsde gﬁm\f}\ﬁé ?jh]ltg reeﬁfl ﬁleg t‘f
this figure, the_ coordipates (X and orientation. o the au i ¢ gui ded
veht ol 75 GRVeTtEtsrown i St s A AF 8 TBEN oML SeEEisto o, The most
recognition, and the orientation is assumed herein to be 0 for

si nplifi cacommon cBuse of) thealifferencebetweenntheytimesredunted by the timersofgbhe ed
at time T1, a reflector M2 is. recognized at tine T2, and a reflector MB is

recogni zeqrgel iftréP -sectin 12 and the present position recognizing section 14 is a

con r ol

difference in clock frequency. " To exemxte, for exanple, primary correction, the
travel control sectinn.lz inputs times to the present position recognizing
section 14 at a predetermined time intervta‘l., while the present position
recognizing section-l_é_' carr'i.esj_o_u-t- cqrrectiqn by determining a proportlonal
coefficient from the times counted by. its timer.during this interval.

The velocity and angular veloci ty 9re _calcul_ated as shown in Figure 9. In
this figure, the cqordi_xt_ates (x, y) a_ndAori_entation of the automatic guided
vehicle 2 at time T = 0 are known from the results of the previous recognition, .
and the orientatiort ts assumed herein to be 0 for simplification. During the
present scanning, a reflector Ml is reeognlzed at time T1, a reflector M2 is
recogni zed at time T2, and a reflector M3 is recognized at time T3. The
scanning is executed_epuntefclqcknise as shown in Fignre 9. The (x) and (y)

coordinates of each reflector M1 to M3 are defined as Mxi, Myi (i =1 to 3),
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scanni ng i s executed counterclockwi se as shown in Figure 9. The (x) and (y)
«coordi nates of each reerctor ML to NB are defined as Wi, Myi (i =1to
3), " 220 - and the x-direction
veIocrty y-direction veIocrty and angular velocity of the automatic

gui ded vehicle 2 are defined. as (u), (v), and (ferr]), respectively.
Scannrng is performed at intervals of approxinmately 0.1 second, and the

vel oci ti esandutheadifedtiamseldeityynydizection veldei ty, and jaheutay Mocictysxifdeheed
to be constant except in the case of spin turn of the vehicle. The

theor i entiutomtisTeuited Ve dle YoreTpAInbe s (@, (V7 it |5 (CheBECRRIT, |

t at f.th f ct 3 def i . T th
coor di pat 2B BEd S, eERIRE Bhilacervalanet aprsosiuatery G2 aaaoddre ol Pt o
ML can be used to constitute a right- angled triangle such as that shown

in the figtelecities hu)handafy)l endfthenangular velocitynd o ) imaygbe: cansidenedidd besi ng
[err]1 + [err]Tl. In Figure 9, ([err]) is negative. Thus, using this

ri ght - angl @eistant axakpst. 119 the Qﬂs@bf@puhftunnaf(tﬂé vehible. aHe ok berrthdiona6? the
unknowns is formul ated. Were (x), (y), T1, M1, and Myl are knowns.

Ui ded verlefiEc R M SEcghiidtal BB 14 é“%f %Fed?# eﬂ?%?ﬁé%[%f?%fé‘%ﬁ%%'ec
Sﬂrgteeo\r/]elh'? stabl s%eg ﬁgswf? &ﬁl t| | en{ﬁ!ttlé&oa()ffrv%ge a torrat i C
result, if the three refl ectors are reco |zed t hree equati ons |nclud|ng
the three M ak timn I3 disedefined as sendd. Thews cnordima of thecautopatiargnided
angul ar velecity ([err] ) of the automatic guided vehicle 2 are determ ned
from t heseyehi 8 Zad e T1:and the reflector Ml .cari-be used to constitute a right-
| angled triangle su& es--.fhat shown in- the figure, with the angle of one side of
the triangle determined using al.+ @TL.. In Figure 9, (w) is negaﬁve.
Thus, using this rigl'r_t-a'ngled.'t'riangle,“one equation having (u), (v), and (w)
as unknowns 1s formulated. ‘Where :(x), (Y) v T1, X1, and Myl are knowns. One -
equation is establ-i_she‘gl-—-using_'-the- position or-orientation of the automatic
~ guided vehicle at time T2 and the position of the reflector M2, rvhile one
equation ls_estalr}i;heq 'using the position or orientation of the automatic
guided vehicle at time T3 and the ﬁositirm of the reflector M3. As a result, if
the three reflectors are recogrrized, three eqﬁatio_ns including the three
unknowns are established. "The veloeitles (u) aﬁd (v), and angular velocity (w
) of the automatic guided vehicle 2 are determined from these simultaneous

equations to calculate changes in position or orientatlon between the reference

time T=0 and the present time T4, ttxereby,em_bling_ the orientation and position

L
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equations to cal cul ate changes in position or orientation between the
sveference time T=0 and the present tlne T4, thereby enabling the
orientation and position ' ' -21-
of the automatic guided vehicle 2 at an arbltrary time to be determ ned.
Figure 10 shows the processing performed as shown in Figures 7 to 9 wherein
the reflectors are specified during each scanning after the start of

aut ononmpusef thé autdmatit guited veRidley2 Wb aftieraryr timeato bé ldecéminediose
change in distance or angle relative to the previous specified reflector

fal | within gfsald gyahl méﬁﬁg&sigg‘h‘é}wﬁg.iw&‘ﬁgu&é“?té? Whéretn

previ ous specif ect or previ ous ‘recogni ze
reflectors,ca e reco urj ng sent S n i S

Lo uned t otiaghy TReAREs a8, ShaeT1] o M gceach “sdRERDe, aftar 158, SLaf £iof Autgomons,
method in Figure 8 and the reflector: map 18 are used to determ ne

ref | ect or steavelldngon®o ispecifly tthe neflectorss aaefibetton whose change dacdfstence or
reflectors and the newly recogni zed reflector in order to specify this new

reflector. angle relbfive taitherprdei qisnspeedfict peftabfor FAFISPWEEAN! arP @31 dvable
recogni zing section 14 adjusts its time to the tinme at the travel control

nown.  TnoFaiEe i3 %%*?ﬁtﬁs?%e# WA, e, b b PPy OBE R e SEHI QRor” B o

the velocit] (u) and (v) angul ar 'vel ocj'ty ([EW£g%:of the automatic
gui ded veh? | :.Dl‘el’to"sf'tﬂm@& ireflectars camot; b & ized-during the presgnted

taking into account the linear terns .of the: varlatlon I n the position or

ant  ecoRlnbe Mool oo Heesiemd (3rems Smun
reflector, the method in Figure 8 and the reflector map 18 are used to
determine reflectors oorresponding to the triangle formed by the two specified
reflectors and the newly recogmzed _reflector in order to specify this new
ret‘lector L | |

Next, at predetermined intervals, the present positlon reoognizing section

14 adjusts its time to the ttme at the travel control section 12 so to enable
the time at the travel control section 12 to he imown Then, the prmcxpie
demonstrated in Flgure g is used to determlne the velocities (u) and (v), and
angular velocity (w) of the automatic guided vehicle 2. If for example, the
relationship in Fxgure 9 is solved taking into aoemmt the linear terms of the
varlation in the posttwn or onentatwn of the autanatic guided vehicle 2, the
simul taneous equations shown on the left slde oi‘ Figure 10 can be: obtained.

Since these equations can he soived easxly, the veiocities (u) and . (v), and

anguiar veloclty (co) oi‘ the automatxc gulded vehicle 2 can be determined. It
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Since these equations can be solved easily, the velocities (u) and (v), and
angul ar velocity ([err]) of the autonatlc QUIded vehicle 2 can be
determned. It

REPLACEMENT SHEET

0 2 JUN 1999 I's well. known that if:four or nore reflectors can be
recogni zed, the problemis solved in such a way as to ninimze the |east

square errig sellf kidva thaknifwhcur(ed more fedlecturs danchie recogiived, sthprmrablem is

enabl es the velocity or angular velocity to be determ ned nore accurately.

once the VEiged lif Sichd'dhy 45 ez fle 1GR: SuhAlBH s B R uiGdkAl Hom

has been determ ne e position a orientati

the positio t ti 4 X+ UuT vT4 and .the ori ntat i S rr
TePrTTa 11t Mﬂﬂ?ﬁeﬁa onproachi exnled Ehe o etion fieyat Velocl eyt B2
present position recogn|2|ng sectlon 14 inputs these data values to the
travel condetermiged more Becuratelyn Gocertheneelocdty rorsangulgssvaliogityraf- the

orientation of the automatic guided vehicle 2 without assum ng the present

position Oﬁutbmﬂt:vg\ﬂﬂed Pehiceé Qchdsybéen determiaed Y the@position and orientation at
- 23- C ai rs; . An automatic gui ded vehi cl & system characterized by

conpr|5|ng I o] r n r | h;
COMPI i S1 NGy fod rospé;gzgsan thé s FeicR 8¢ Vb8P Ts Y WG4 VAR, B R
orientation is § + wT4 if the orientation at the time T = 0 is defined as 4
The present position recognizing section 14 inputs these data values to the
travel control section 12 and can determine the present position and

orientation of fhe automatic guided vehicle 2 without assuming the present

position or receiving the velocity or angular velocity.
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in-an automati c guided vehicle to deternine the.orientation of each
seflector by means of periodic scanning; a reflector nmap; a neans for
storing the results of the specification of refléectors based on the

previ ous scanning; a neans for specifying reflectors recogni zed during the
present scanning by determining a reflector |ocated within a predeterm ned
angle relative to the results of the. previous recognition to be the sane
as the | asglai@pogni zed reflector;.and a means. for determ ning the present
position of the automatic gui ded vehlcle based on the specified

char act or i zed A oLy iR Farltlq S ee e fo XA omibiSIfl B Poppe.

the distance,to the reflector i n that ald eci fying nmeans is
conf i gur echbes g8 diefjectors araner Alengca travall ine,paths » Jaser acanser grovidedn

and based on the distance relationship betmeen the newl y appeared
refl ector Eméntdutomgtdciguided veliiclettar determine the oAientatiomof ®aghiréfbector
vehicle systemas in Claim1l characterized in that the velocity and

angul ar vgtéyg%agtgiggtdtmgetsemw AR RENC 6| & Rofls R SIOFIChd HOSIIRL

| east thr ectors, and I'nt 00|t|es angul ar

vel o1 1 5, ShS M0G0 . R BHE Sk ST AR o Y

orientation.
specifying ref_lectors_ re_cogniz_—ed dur-img the present scanning by determining a

reflector located wi thi-n-a predetermi-ned a‘ngle retative to the results of the
previous recogmtxon to be the same as the last recognized reflector; and a
means for detemmmg the present position of the automatic guided vehicle based
on the specified ref-l-ectors | |

2. An automatic guided vehlcle system as in Claim 1 characterized in that
said laser scamner- determmes the orientatian of and the distance to the
reflector, and in that said specitying means ls conflgured to specify a newly
appeared reflector usmg saxd reflector mep and based on the distance
relationship between the newly appeared reflector and the specified reflectors.

3. An automatic gulded vehicle system as in Claim 1 characterized in that
the velocity and angular veloclty of the automatic gulded vehicle are
determined from at least three specified reflectors, and in that the velocities
and angular velocx tles detemmed from a prevlously recognized position until

the present time are integrated to determme the present position and

A AR

orientation.

This Sheet Has Been Replaced -

[ lIIIIH lI Ii I

92 4SO - USSR Kecks] ncoMe haner

[ THIs simy . ~
| &WAS BEEN |



