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DESCRI PTI ON STEERI NG APPARATUS FOR RAI L NON- CONTACT
- VEHI CLE AND STEERI NG METHOD FOR THE SAME 5 Techni cal
Field The present invention relates to a steering
apparatus for a rail non-contact vehicle and a
steering nmethod for the sane, and nore particularly to
10 a steering apparatus for a rail non-contact
vehicle, in which a stBESGRIDBPELHt i on i s aut onat ed,
and a steering nethod for the same. Background Art
.15 Adoption of a new transportation systemis now
pronoted in narrow areas such as an airport and an
exh3 BEERING | ABPABHTRS BORNIEMIBNNON-GINTALIT WBHICLE
wi de area transportation technol ogy, the new
transport at AP S3/BEBRING rdE THOHUIFER THEt rsagport in
20 high speed and to carry out nass transportation,
but is required not to need a | arge-scal ed rai
facility. As a vehicle, which needs no rai
facilities, a rubber Téthaildgle vebiae e such as an
autonobile and a bus is known in Japanese Patent Laid
Open Apprheatdrasédl 2nP2R02onl 06814y esTheo rabkareering
tire type vehicle has a great degree of freedomon a
appda g sdifeet hORa iandnbs - JW £ SHIkt aRlieL 06 aMghicle
in an airport. As 1 disclosed in Japanese Patent Laid

stePi ARPiaAN d@Nfor the same, and more particularly to
a steering apparatus for a rail non-contact wvehicle,

in which a steering operation is automated, and a

steering method for the same.

Background Art
Adoption of a new transportation system is
now promoted in narrow areas such as an airport and an
exhibition site. Unlike Shinkansen bullet train as
wide area transportation technology, the new
transportation system is not required to transport- in

high speed and to carry out mass transportation, but

| is required not to need a large-scaled rail facility.

As a vehicle, which needs no rail facilities, a rubber
tire type vehicle such as an automobile and a bus is
known in Japanese Patent Laid Open Application (JP-
P2002-310651A). The rubber tire tYpe vehicle has a
great degree of freedom on a running direction, and is

not suitable for a wvehicle in an airport. As
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(JP-P2002-19603A), it is required to the new
transportation systemthat a running route can be
readi |y defined. Various techniques are known for a 5
technol ogy of a sinple guide rail. Such guide rai
requires a certain degree of strength for the safety
ogeiation._Securing the strength hinders desired )
digahesiesh i fadaneses Pedwnt| hadipen apotl spahion
mechani cal guide rail, 10 it is proposed to arrange a
(J%aEZQWf"a]c%GQﬁé‘ér i hfoffatt @dubsied Hawi ke new
1-di mensi onal coordinate data on a defined route.
LR APPEA® Sipnasy siee theftoraariomied t rpg twr icaenbe
wi th_ an operation data. The operation data includes a
rejadi frignsiedniane door Matat @us1% eddimi gk sormt dekngnii nfor a
route. In this case, a table is necessary to indicate
techoplogpomf ng ralmg lenghiiple betwden tshech guide rail
1-di mensi onal coordi nate data and an operation
rephireb dateestiehmsiagsteerd hgsangheytla fvel ddi¢ ysafety
and an acceleration. If the table value is 20 fi xed,
opdrdetone diSffdeulihgt dclcar by reiigthchitiddrs desired
corresponding to a run situation that changes from
remneni oho inbneati 1iherekoee.stconventional ly, a rapid
velocity change resulted froma rapid change in a
st eeri ngi@ngk@ e of ce¥WWI EshaAGC/HEFREHLORAIN §guRBe rail,
direction perpendicular to a rail direction) iIs
itcaiﬁe;.dfobg%fe&bytd Qad Py L0 ;2098 AM akiQr L deqrge of
confort.
information belt having l-dimensional coordinate data

on a defined route. Such road surface side

‘information belt is written with an operation data.

The operation data includes a l-dimensional coordinate
data set on the running route. 1In this case, a table
is necessary to indicate a corresponding relationship
between the l-dimensional coordinate data and an
operation control data such as a steering angle, a
velocity, and an acceleration. If the table value is
fixed, it become difficult to carry out a control
corresponding to a run situation that changes from
momentlto moment. Therefore, conventionally, a rapid
velocity change resulted from a rapid change in a
steering angle (for example, acceleration in a
direction perpendicular to a rail direction) is
caused, thereby, leading to aggravation of degree of

comfort.




Est abl i shnment of the technology of a steering system

is required that is free fromnechanical steering

portion that nmechanically contacts a guide rail, and

precisely follows a defined run route. It is

I mportant not to abolish a safety rail to secure

saf et yEshewévethmesn trpb £f ttat itorclofol bgysaffety saekrisg

desired. Confort during an autonmated operation is
syaksy reguireadii midctbstr 6 nffracediiaon Exahpined cal

enbodi nents of the present invention seek to provide
STEeItideT i RGTARSAY i3t Blechani Faddy eontastsveéhigpéde

and a steering netho r the sane,, in. which a ,
raf-gchr?d"r g?r%%é’sﬁ]a}ﬁl g@ﬁrg@‘“b? %u@@r%{ﬂ% LefledQHgt of It 1S
._1he.vehicle, having no.nmechanical ,steering, portion
LMpREL bt ot trbCHARLEEI Wi hek Vo bl T BRI S SFter e

)l [ 2l .t [ t eerd R
s NP o T v Tomoh ISP Agl o, Wie BaGedy rail is
de st 8&rd NIcRRL f he, sape,; || i th ;
b A o B U A
alépredigtedpqguariable into a control system The

exanpl e enbodi nents seek to provide a steering

apparatus for a rail non-contact vehicle and a

steering nmethod for the sane, in which an opti nal

control can be datsckdsave dF dugheheédom ng. 3 The

exanpl e enbodi nents seek to provide a steering

appar &xampde maddimemtcont Actheehdxéeeand imvention

segie%glg%ovide a steering apparatus for a rail non-
contact vehicle and a steering method for the same, in
which a technology is established of automating
steering of the vehicle having no mechanical steering
portion that contacts mechanically with a guide rail.

The example embodiments seek to provide a
steering apparatus for a rail non-contact vehicle and a
steering method for the same, in which a smooth
operation can be accomplished by taking a future
(predicted) wvariable into a control system.

The example embodiments seek to provide a
steering apparatus for a rail non-contact vehicle and a

steering method for the same, in which an optimal

control can be carried out through learning.




met hod for the same, in which inprovenent in automatic
control performance can be attained as well as

i nprovenent in a degree of confort. In accordance with
a first aspect of the present invention, there is
provided a rail non-contact vehicle which does not

Th&O0Bk@&ip M tdmBogArRinNt J akde ROFR iIHREE de VHEBkSe 18 6@
supported by said wheels; a vehicle nmain body

apBHPRRILUEDY sakdiqanion 2B HEEFERYcIWNA0E aSEHEMR ing
whi ch conprises a control section and a drive

me 886 Ofbr aPHaWRelgl N $A rf@pgs% Qh19eNer aheSnitic

provi si onal target steering ang ased on a current

cohfi-ggt g%‘&‘éf;@ﬂnagléd O@Aﬁe’b%grﬁi‘@a{%ﬁe 24 avf‘egﬂr LEnt

positi sald vehic current actu evi ation

PRI I OUS B Mol onL pon on o

current targ steering angle at

sai d fﬂfrés%r%%%{éé gﬂnigfﬁt %a!fjili/sepi gggfac%aiodf ﬁ%%rglresent

section” conmprises: I'm"Zati on calcul at’i
indSEEAPRy, SANESLESO PRILT, 22,300 EPUSLODY, ynicae
wnf0 5at8, BLP, Byt R N, SheBtl0atEl Bhiatadre
gL o0 PRt L S epe B o SR HS fain
ol IoaRtl LIS e SAEH T

system ,The steerjng control systemmy 4 include a
SY%%

R 8P 168G ICORE P giir 6@1d TonteeFian and a drive

section, and wherein said control section generates a
provisional target steering angle based on a current
target deviation from a running route at a current
position of said vehicle, a current actual deviation
-from said running route at said current position of said
vehicle, and a current target steering angle at said
~current position of said vehicle, said control section
comprises: an optimization calculating section
configured to optimize said provisional target steering
angle to a target control steering angle to minimize
vibration of said vehicle resulting from a steering of
said vehicle, and said drive section mechanically steers
sald cart based on said target control steering angle.
A rail non-contact vehicle may include wheels, a
vehicle main body supported by the wheels, and a

steering control system. The steering control system may
4




steering of the wheels in a non-nechani cal manner, and
a drive section configured to nmechanically drive the
steering of the wheels. The control section may
include a first detector configured to detect 1-

di mensi onal coordinate data of a target route, a

inslegei ag cﬁj”rgiﬁoDolséidtg_(ﬁ@%bﬂﬁiggﬁfécgtﬂ@dcbﬁth@ld @
target steering angle corresponding to the 1-

stdbreng ol tEeordidal & dat & wosemerthLel @61 0hanner, and
configured to detect a current deviation between the

a daigel gt oandch £UFheRld RS hbBRaefi dhe1yelirGl® the
mai n body, and a control steering angle cal cul ating

st&8eliRn SONtHEUNEHekq YENBhA! & £PBUM U St EBH By
angl e ‘corresponding to the current deviation and the

¥ ! steet t i gt
1n%2¥1.@% daxs Eﬂ*%g_g c?é“@é%tolhe%&ﬂfi Q- AV Zt LR JHBY Pﬁ

Ined as a distance to the current position of the

diI%{SHEE'o%a'ﬁ?i Eogg%r{t{%édﬂhﬁc%ﬁéfnao'&*a al ohed he,

arget route, rrve section turn an

St‘%%é?bﬁéﬁ SRR E?éfﬁ?cﬁgr%?ﬂ%fﬁgﬁéﬁ'o hold a
cafELensly Besel on. actond suriage and fbejsecond

_ ector Tu hé~ ~posittion ron-in a

A B s P Rertiie & Bateur 41 | RECEB (G B §oaed on
cof EFautEL g JRHA, olie ool cHlohing sect Lot my s
target route and a current peosition of the vehicle
main body, and a control steering angle calculating
section configured to generate a control steering
angle corresponding to the current deviation and the
target steering angle. The current deviation may be
defined as a distance to the current position of the
vehicle main body in a direction orthogonal to the
target route, and the drive section may turn an

orientation of the wheels based on the control

steering angle.

4a




integrating a velocity data of the vehicle nmain body.
Al so, the target route nay be set on a road surface
and may include an output section configured to
out put the 1-dinensional coordinate data, and the
1-di mensi onal coordinate data may be transmtted to
the fiHstegettded otariyet redese fraom phe feutgirly be set on
portion. In this case, the target steering angle my
a poefderabtyabe, Wwarld erhé nsacowmhi d@t eoube. mAlsajetdet the
control section may further include a third detector
posoffiicgliresy i atdehedin a viebasconteict heanvehi.cl e main
body, and the steering angle control section may
gener at & s@ ,COfh & Ok sl an6a~E@SPOABGING 4191 clike gi tion
devi ation, the desired steering angle, and the
fuveleor t yncAusiles 4 heatenlbelirsecééoniony drugtieed on the
include an optim zation calcul ating section
vehaonfliegmaih t bodgpt Mt eca heudantingl s¢etibngmengleaaloulate
an optimal solution, and the optiml solution may be
andeterld ned2—ddmgms hbre lvigwardonates ulatag bfif om t he
. steering of. the vehicle. 5 Also, the control section
inkggHafingr ai yel@lty deéer iafy Hhgl Bebd e tidhn body.
controller configured to determne a future steerin%

angl e £6PPes ol hg o6 ta TPt Gr @36sPEi 80P R FO2

sub 0SS LBH oy OS50 R CULEELLAD SAEEL 09

totgﬁ@%uétgﬁéiwl&qﬁgﬁsi®%gfhgogw&fﬁ%te data, and the
l-dimensional coordinate data may be transmitted to
the first detector in wireless from the output
portion. In this case, the target steering angle may
preferably be written in a running route.

Also, the control section may further include a
third detector configured to detect a velocity of the
vehicle main body, and the steering angle control
section may generate a control data corresponding to
the position deviation, the desired steering angle,
énd the velocity.

Also, the control section may further include an

optimization calculating section configured to
optimize the control steering angle to an optimal

solution, and the optimal solution may be determined

to minimize vibration resulting from the steering of

the vehicle.
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steering angle. The control steering angle

cal cul ating section generates the control steering

angl e corresponding to the current deviation, the 10

target steering angle, and the correction steering

angle. In this case, the control section may further

i ncl ude a_second, detector configured to detect the |

current St&&i ngREnGA EBoLhe *%k eRt Tosi frshbfeninclude

the vehicle carries out a NNth run of the target 15
arpheer il ARIH i Far reqituiteBnceatand hi phg cserkjgired to

configured to determ ne a current optimal target

detesmilfg angfetivom afeegringpargle cperesneEpding to a

steering angles for N tinmes. The optiml solution
febneel Mangtsest ion dheetdnestt ko wher eandopie neknzgate a
target steering angle such that vibration resulting
cdrpactherstebrengod shglhehickeeispomdingzdth #Bhsocurrent
the optimal solution cal culating section may include a
detela &l omet wohk dcenfdgtr ed dar deyerariqket hanebrirleet forture
steering angle. Instead, the optiml solution 25
stoatrihat iangy sect | Tharayorkeoldt es Beprdgianahglaet er m ne
the correction steering angl e based on genetic
cHl ol htimg 6s&b3d.o1f hgeaplrame s sehw | ©@sneabaulatéBging
section may preferably execute a programto determ ne

arfdlee CObLEGId 9OnEieRf | N &ME echased t0N18enatiion, the

al gorithm Also, the control section may further
tdifétdeteering angle, and the correction steering

angle., In this case, the control section may further
include a second detector configured to detect the
current steering angle to the current position when
the vehicle carries out a N-th run of the target
route, and an optimal solution calculating section
configured to determine a current optimal target
steering angle from all or a part of the current
steering angles for N times. The optimal solution

calculating section determines the current optimal

"target steering angle such that vibration resulting

from the steering of the vehicle is minimized. Also,

'the optimal solution calculating section may include a

neural network configured to determine the correction
steering angle. Instead, the optimal solution
caiculating section may execute a progrém to determine
the correction steering angle based on genetic

algorithm.




an optim zation cal cul ating section configured to
optim ze a control data, and the optim zation
cal culating section nmay mnimze vibration resulting
fromthe steering of the vehicle. In this case, when m
and n take an optional one of a plurality of
conbin@lsonstﬁenbpmimalasd@ﬂtﬂ@nncmﬂ@mbatang
position of the vehicle main body at an mth run and
seaft irpnt agy pmafonabhy teaxrgeuteoat @GIERpr dssedehsraine
anplitude. The optim zation cal cul ating section may
th@eﬁ@ﬁﬁ@@tiﬁ@(ﬁﬁ@%@%ﬂ@h%ﬁ%%@lh@sﬁﬂyQﬁSG€@qqﬁﬁ a
uare of the anplitudes is mnimzed. Al so, when m
alﬁ% eI’tn&ke an optional one of a plurality of

nbi f I
coml nel Lan o 8B 0, 20CRl e ALLOB SN i pciuae
snl B, e IR oS R eR e, JhgpoBtlmaction

f lsey,at
opBliftddit a@@é‘i‘: LS éﬁﬁe =t F€8e0b gﬁﬂ‘ﬁnﬁ'ﬁ‘%%% iRt ions

are mnimze non-contact vehicle may

cai@ﬁtlfae;ra.ng ngbuds ¢n Cﬁé? PR ed Ry dher wBeelss@ndiag
safety bar supported to the cart and configured to

freantaed Steedtineice theed ] ete. The thive csasd) oRhen m
may be interposed between the cart and the wheel s,

andnd &alk sphaoertentnpbr tinen @f &heldmakisgctdion may

be 7 nmechanically connected with the wheels and the
copbfisiridas. offnt rdcase 2 tdevibsploac dnehwegar td on
p051¥1%362f the vehicle main body at an m-th run and
an n—-th may run on the target route is expressed as an
amplitude. The optimization calculating section may
determine the correction steering angle such that a
square of the amplitudes is minimized. Also, when m
and n take an optional one of a plurality of
combinations of m and n, an acceleration of the
vehicle main body between the m-th run and the n-th
run on the target route 1is expressed. The optimization
calculating section may determine the correction
steering angle such that squares of the accelerations
are minimized.

Also, the rail non-contact vehicle may further
include a cart supported by the wheels, and a safety
bar supported to the cart and configured to contact a
" rail side fixed object. The drive section may be
interposed between the cart and the wheels, and a

displacement portion of the drive section may be

7




ball screw driven by a notor or a nut connected to the
bal |l screw. Al so, the displacenent portion may be a
cylinder driven with a fluid pressure source or a
pi ston rod connected to the cylinder. Al so, a rai
non-contact vehicle may include wheels, a cart
meshppdrdadl hy ctchenevbelts wiarid fahet edrdaens appartdtaissafety
The steering apparatus nmay include a notor, a screw
bazxi drcomnéet edas t htha ditgnitaaginerdf phetioromay be a
bearings configured to support the screw axis, a_nut
baddr swaewi €F LVIe de¥ed Bt a0Fi BstiBlppeppected to the

nfigured tQ support the nut, a second support
bafz nficr®d f‘\gsﬁxpp%fﬁ? PRERrPREET RFRiPAnRay be a

oy TR0 SPLESAL B8 40,0151 {18 Mipel o B o'

. ti e [ L Qn._si su g ixed to the cart,
pl%ﬁgébf%ﬁercgﬁhﬁggéﬁrgé g%ﬁ%d$§9%%ﬁﬂ%ﬁé second support

may c it ut e sl . negct.ed: w

e A g R S S RS

whaBY sf,urd hea ricn@uysieo ar saf &y PRE. waid B8 €ahidNgs steering
supported by the safety bar. The safety bar nmay be

 apgapaecied TwWet b dder yable Sstdeusupoy tinthedard meyor,
be connected with the fixation side support, and the

a surewnmxbes soppordeddbyitdhe aar butfiso, akhe rdt orhand

the bearings may be 8 - ----- R
motor, bearings configured to support the screw axis,
a nut screwed with the screw axis, a first support
configured to support the nut, a second support
configured to support the bearings, and a link
mechanism configured to steer the wheels. Either of
the first support and the second support may
constitute a fixation side support fixed to the cart,
and either of the first support and the second support
may constitute a movable side support connected with
the 1ink mechanism.

Here, the rail non-contact vehicle may

further include a safety bar, and safe rings supported
by the safety bar. The safety bar may be connected
with the movable side support, the cart may be
connected with the fixation side support, and the nut

may be supported by the cart. Also, the motor and the

bearings may be




supported by the safety bar. Al so, the steering
apparatus may further 1include a clutch interposed
between the screw axis and the notor, and connection
of the clutch nay be released in response to contact
of the safe rings and the rail side fixed object.

supbsatdadebputthmaysdfesyppart ed by the |ink nechani sm
and the notor and the bearings nay be supported by
the caisopl ddie thbeseriow axppamatusongyi tfure e bal |

. screw axis. Arail non-contact vehicle may include

inghsss a aleaeh supperpesasy batvwaleseltdhe afgrgw axis and
steering unit. The steering machi ne may include a

LhipPet oLy n@dRebcOnHRaY LogniEEt BREWCH Hh olRyuPaxi s
f th t f b ided with f J ,
refeaskY (T ERSERIR S oA Ol OF diitr SEhe widags, and
he _Li . i ted with th f et
th e B B A B S e r L at ety b way b

movabl A1 sUPRAI §8lut Onblie s bupRRdddie B! @ dTeY; AR

I
fixedly supported by the cart. e” out put axis

me@lﬁahﬁ%rﬂﬂpt@ﬁd”@%eb%o’égﬂn%{ﬁ&dt%t B e MYRR| RaROAYe Vi a

a pinion and a rack. rail non-contact vehicl'e may

suppokidel vbeetbe 081 BIRROS telde by gy Wageksmaand a
steering unit. The steering unit may include a notor,

comskiltemaxa shbaddnrected wixtils an out put axis of the
not or, bearings configured

A rail non-contact vehicle may include wheels,
~a cart supported by the wheels, and a steering unit.
The steering machine may includé a motor, a movable
body connected with an output axis of the motor, a
safety bar provided with safe rings, and a link
mechanism configured to steer the wheels. The link
mechanism may be connected with the safety bar and the
movable body, and the safety bar may be movably
supported to the cart, and the motor'may be fixedly
supported by the cart.

Here, the output axis of the motor may be
connected with a movable body via a pinion and a rack.

A rall non-contact vehicle may include wheels,
a cart supported by the wheels, and a steering unit.
The steering unit may include a motor, a screw axis

connected with an output axis of the motor, bearings

configured




9 to support the screw axis, a nut screwed in the

screw axis, a link nmechanismconfigured to steer the

wheel s, and a safety bar provided with safe rings.

The safety bar, the notor, and the bearings nmay be

fixedly supported by the cart, and the nut may be
tocenpecied thet Bdiew | arK syechanisms Alsoedt he Hleer sagew

unit may further include a clutch interposed between
axibe scriewlaxmeciizxhise @eirofiguasd censcteen ife thkeels,

clutch may be released in response to a contact of
andhe saffetynparapgkréheded lwstHeshireed i 99seCtrhd Nsafety

accordance with a second aspect of the present
batNVehld aibtbher earid Phevicded: engBt hed; afe shigRIdINg a

rail non-contact vehicle, conprising: setting a
suppdirfRnsivpat neoi L Pat @ (@datEn Of na Ll Wl e RIHfscted

setting a current target steering angle corresponding
wit® said 14k pRsiend sgoordi nate data, detecting a

current deviation between said running route and a

curr ent) {951 then stfed-¥8hT ehe dThidY edyingenaialiag 2

target control steering angle from sai current

| at | JﬁHBE [ t r i hg nghes And

cllﬁj‘@c\,‘h § hQR 4 e:l??l ge%wfere\?vﬂ tha ?S‘fe%vt %“3}&[% anfng l%on r,

turning orrentation o eels to an ang posi

'ancg%éﬁﬁgg@iqid?g dP E%dgtn]t%g%@ﬁg??t E%! J:Séa% éggg é‘Lglngclaeesponse

eérein sard curr onis i'ne
i s f [ urrent position.n.a direction ,
o SA3AERR SPLELEUCHN POSULI G b LUPE! KM sinea
object.

In accordance with a second aspect of the
present invention, there is provided a method of
steering a rail non-contact wvehicle, comprising:
setting a l-dimensional coordinate data of a running
route; setting a current target steering angle
corresponding to said l-dimensional coordinate data,
detecting a current deviation between said running
route and a current position of a vehicle main body;
generating a target control steering angle from said
current deviation and said current target steering
angle; and turning orientation of wheels to an angle
position corresponding to said target control steering
angle, and wherein said current deviation is defined as
a distance of said current position in a direction
orthogonal to said running route.

Also, the steering method may be achieved by
10




Al so, the steering nethod may be achieved by 10
further setting a future target steering correspondi ng
to a future position on the target route; and by
generating a correction steering angle correspondi ng
to the future steering angle. The control steering
fuahpee gwytbegdat gubtunss basgdtokstdertngr ebtrresponding
deviation, the target steering angle, and the
tocar fechiran Sbéeeting angilee thraegordante;wahld ayt hird
aspect of the present invention, there is provided a
gelbeariingy rmtcb@.dr@&taldraléte@@mn@oraraﬁevebh:%le%,pondmg to
wherein a drive section conprises a notor, a bal

thECEaWudd SsEo8neatetind 1d, anheuipt Axi sst@%ﬁ@igd angle
notor, and a nut connected with the ball screw ™axis,

ma § EEUH%&éfﬁfﬁ@@S@é§&5Wﬁ&”tﬁ@'@dF%éHtaagv§%%qOﬂ*“&he
screw axis, and a |link nechani smconnected w t

tapgeel %t@@k o<§f aa@&%d tah@peRat %oaff@é@ibﬁns%feetﬂ%g

olt put axis sai'd notor, said steering nefhod
andyether conprises: detectlng a contact between a part
of said vehicle MAth a road surface side structure,

and C&éegségkﬁé t ghﬁﬂgg%rgg ad+ t%%*%ﬁ%“g?@sent

In response to t € con eerl ng appa

iné@%%%ghmltﬂg)ecfgtg@bv Cges% %hjﬂ? %58 gof a rail

t her eo abl ormati ¢

noéﬁ§é§%|ca(§F$%%$§% ﬁ%ﬁéﬁﬁatla%f%gn§%%t§8% comprises a
motor, a ball screw axis connected with an output axis
of said motor, and a nut connected with the ball screw-
.axis, a clutch interposed between said motor and said
ball screw axis, and a link mechanism connected with
wheels and configured to operate a rotation of the
output axis of said motor, said steering method further
comprises: detecting a contact between a part of said.
vehicle with a road surface side structure; and

disengaging said clutch, interposed therebetween in

response to the contact.

11




control performance, and thereby remarkably inprove a
degree of confort. The steering apparatus nechani sm
using the ball screw 1la axis may reduce cost,
simplify the nechanism and dramatically inprove
snooth control performance. Brief Description of
Drawing Fig. 1 is a diagramshow ng a steering
apparatus of a rail non-contact vehicle according to a
first enboditmnting thgpreseast doweat ranl kign-2ontact
shows a side sectional viewof Fig. 1; Fig. 3is a
vehlian ¢/ gMdshow ng: Qe dhinve isethban tHdréHE &laBLréHPablish
apparatus of the rail non-contact vehicle according
a tedei fest reripgbieRt OfopbeatRiesent hnwention;
Fig. 4 is a block diagramshow ng a control section
trapggher dtive seedton, i 'arid‘ed:sahﬁi%“di%lﬁ?péh@ﬁ@véf smooth
therail non-contact vehicle. according to the first

cofFRedl Bat rel-rht-dr eagll MY eBbhONierth Bkabli® Auprove a

circuit block diagram show ng thé control séction

de8%e¥ dipgbR ARG fitsL %@l@é’fi‘ﬁ@} Saﬁ%:ai“é‘ﬁuer e Manism

Fnvention; Fig. 6 is a plan vie wing a steering

us?ﬂ%&%h&O?%ﬂT|§d§bﬂeth0di Fig. 7 is a plan view

ng other steering angle controlling nmethod; Fig.
8 is a plan view further show ng the

11la




steering angle controlling nethod; Fig. 9 is a plan
view further show ng the steering angle controlling
nethod; 12 Fig. 10 is a plan view show ng anot her
steering angle controlling nethod; Fig. 11 is a
sectional view show ng a deviation detecting nethod

axis ey stedniceg apphy asuspbi O the meedchaon-soontacd
vehi cl e according to a second enbodi nent of the

drpmeddrital hVe AMore veE gmopth scansaetli aval forarstew ng
a nodification of the deviation detecting nethod
shown in Fig. 11, 10 Fig. 13 is a sectional view
showi ng the deyigt'on deIectingﬁgﬁﬁgod i.n the

steering appatetes PEEGHEPFAPR HAVZET vehicl e
' t t hi . _enbodi t.of th Nt
Mvention: | i gf 1’ PSR, FBRk e oo shsSg A 15
S ot P 5 S oot 2
o ULARENA NSO e HoHLEL100, IE S0 FoL g Aoy Lo o
£i¥8Ri & SGEREING, £ gicfglae %ﬂggéingn@%mioﬁf; the

present invention; I's a sectional view show ng

the 20rflgyi at igHbwet actdinge nethed drinl heiskeesf nEig. 1;
apparatus position of the rail non-contact vehicle
according.t 8 ias fauplbrenbosimehbwifndg he prdsentsection
invention; Fig. 16 is a sectional view show ng the
in the steering apparatus of the rail non-contact
vehicle according to the first embodiment of the
present invention;

Fig. 4 is a block diagram showing a control
section and the drive section in the steering
apparatus of the rail non-contact vehicle according to
the first embodiment of thé present invention;

Fig. 5 is a circuit block diagram showing the
control section according to the first embodiment of
'the present invention;

Fig. 6 is a plan view showing a steering angle
controlling method;

Fig. 7 i1s a plan view showing other steering
Vangle controlling method;

Fig. 8 is a plan view further showing the
steering angle controlling method;

Fig. 9 is a plan view further showing the

steering angle controlling method;

12
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devi ation detecting nethod in the steering apparatus

25 position of the rail non-contact vehicle according

to a fifth enbodi mrent of the present invention; Fig.

17 is a plan view showing the drive 13 section in the

steering apparatus position of the rail non-contact

vehi cl e according to a sixth enbodi nent of the

present ifvent E8nisFiag.p18ni ¥iseweshicornatgviaewtdteon ng

the drive 5 section in rail non-contact vehicle
sheevidiqgahglae cenenbh lénbpdnethtodf the present

invention; Fig. 19 is a sectional view show ng a

nodi fi cafflian. ol 1t hes or i yecsdoiriaah wi evhes hawh nore

contact vehicle according to the seventh enbodi nent of
dd0i tiltd ot edente d tivegt methdd gin2@ He atsectimmnaspphedtus

showi ng the drive section in the rail non-contact
o¥ebhel eartondimcdéRtaart aidghiblentpdtoeati mf thea second

present invention; Fig. 21 is a sectional view show ng

edbeddiieter 3% 30fd | PRekRithei hdkh tiddngont act vehicle
according to a ninth enbodi ment of the present

inventiopiandifi gs 22 d8c8ised] obakwisybshaw ng the
drive section in the rail non-contact vehicle

'méﬂ@?i@@ﬂhéﬂ otha R enhBvarhod Neple 1 c £ PR gPHERSENSd shown

i nvention. 20 Best Mde for Carrying Qut the I nventi on
iffeFehnafiter, a steering apparatus of a rai

Fig. 13 is a sectional view showing the
deviation detecting method in the steering apparatus
of the rail non-contact vehicle according to a third
embodiment of the present invention;

Fig. 14 is a sectional view showing a
modification of the deviatiqn detecting method in the
steering apparatus position of the rail non-contact
vehicle according to the third embodiment of the
present invention;

Fig. 15 is a sectional view showing the

deviation detecting method in the steering apparatus

-position of the rail non-contact vehicle according to

a fourth embodiment of the present invention;

Fig. 16 1s a sectional view showing the
deviation detecting method in the steering apparatus
position of the rail non-contact vehicle according to
a fifth embodiment of the present invention;

Fig. 17 is a plan view showing the drive

13
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non- contact vehicle of the present invention wll be
described in detail with reference to the attached 25
drawings. Fig. 1 is a diagram show ng the steering
apparatus of the rail non-contact vehicle according to
14 the first enbodi ment of the present invention.
- Referring to Fig. 1, a guide line 1 is provided on a
sededi ont édh righe pltaeer Pngoagefanetasr gidsiefenencle. the rail
The dedicated rail plane 2 is forned linearly or 5
nataedbyc tTheehiicde laneotrdisnghbwona nsEtgh &mdumbiment of
that it projects fromthe rail plane 2. However, the

thgigleekieme 1imagntd oy med to be enbedded in the rail
pl ane 2. The vehicle 3 is provided with a vehicle

mai N bodyig.ank aj saat smcdhenear tv bews sttppioiredhlzy drive
10 the dedicated rail plane 2. The vehicle main body 4

sdc BERPAM &kl 0N hle Y@ htBlcaney 2nhy 1thes €@t dd ) sdch
a manner that the vehicle main body 4 can turn freely

sAF WP S REREAhGUIAF BKES e 88n8XIiSH VW FRb1;0 the
rail plane. The cart 5 is provided with wheels 6. 15

The steefing system bSOV dad 1Wfed sERRIIRY a
section 10 as a non-nechani cal steering system

moBCE 1 OF ¢ 1R é‘fd%‘ée_cﬁﬁf%l?g%e%otf‘énai%%i ¢alil non-

steering system secti on. e steering systemis not

co\fi/’l;tﬁa:’%fggg\ﬁité‘lé‘ ﬁg%'%aﬂ-]ifzsl; qu g@dt}éais'ex@’nﬂ‘ﬂi gﬁl’p.t&fixggnt of

_ I's mechanica gui ded, "as shown in Fig
thQ:ﬁf%9851?§ﬁ$9éh%Hcﬁh9t the vehicle 3 mechanically

Fig. 20 is a sectional view showing the drive
section in the rail non-contact vehicle according to
an eighth embodiment of the present invention;

rFig. 21 is a sectional view showing the drive
section in the rail non-contact vehicle according to a
ninth embodiment of the present invention; and

Fig. 22 is a sectional view showing the drive
section in the rail non-contact vehicle according to

the tenth embodiment of the present invention.

Best Mode for Carrying Out the Invention
Hereinafter, a steering apparatus of a rail
non-contact vehicle of the present invention will be
described in detail with reference to the attached
drawings.
Fig. 1 is a‘diagram showing the steering

apparatus of the rail non-contact vehicle according to

14
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contacts with the guide line 1. Fig. 3 shows a drive
section 20. The drive section 20 includes an actuator
12, a first link 25 nechanism 13, and a second |ink
mechani sm 14. The actuator 12 has an actuator main
body 15 as an wunnovable part, and a piston rod 16 as
a novable part. 15 The actuator main body 15 is fixed
the fhestaranizodimentiest thienke reskati simysnitdon.
provided with a first link 17 and a second link 18.
ReTher basg diaeFofy .t He farguide nking ils ¥t prabtided on a
supported by the cart 5 by a 5 first pin 19. Free end
delithéeldi nAili pd ahie i 8 trotddbhy eomeetl ededidietnbe.
operation end of the piston rod 16 by a second pin
THH . ddHe ceanoddrhiink phenkard sis 18oirseat ovided i hoa
first lever 22 rotatably supported by the cart 5, a
cuevedlli.nk Tad Jdoiderd Bisecond d evieswrd inotBighl i such
supported by the cart 5. The free end of the second
tHd ki #8piro yot 8kallom CORREGILOl t piame end Ofioteerer, the
first lever 22. The other end of the first |ever 22
guisdé ol ahably £epned efbiRedond epd ehydwdkavem IthE rail
23. The other end of the 15 lever link 23 is rotatably
plewest edrhe Qagn eRd Of3 18 psesAlevart¥4a VRN @le
operation signal is supplied to the actuator nmain

ma_qugyb%éy tshey, Phston J0d 36 mayes f.orwaked i@nguB@W@%@ by

ina linhearly manner. The first link 17 20 is rotate
thled 08Y¥Lalklan dk5Rhags 4 Rea%COr GaNEer¥hif1e main body 4
is supported on the rail plane 2 by the cart 5 in such
a manner that the vehicle main body 4 can turn freely
around a perpendicular axis or an axis normal to the
rail plane. The cart 5 is provided with wheéls 6.

The steering system is provided with a

control section 10 as a non-mechanical steering system

section, and a drive section 20 as a mechanical

‘sSteering system section. The steering system is not

provided with a mechanical guide rail by which the

‘vehicle 3 is mechanically guided, as shown in Fig. 2.

It‘is not essential that the vehicle 3 mechanically
contacts with the guide line 1.

Fig. 3 shows a drive section 20. The drive
section 20 includes an actuator 12, a first link
mechanism 13, and a second link mechanism 14. The
actuator 12 has an actuator main body 15 as an -

unmovable part, and a piston rod 16 as a movable part.
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the linear displacenent of the piston rod 16. In
accordance with such a main action of the first link
mechani sm 13, the second |ink mechani sm 14 oper ates.
The first |ever 22 of the second |link nmechanism 14 is
25 rotated in accordance with a conposite novenent of
a rotating operation and a |inear noving operation of
Thheasdopmdoki me i8. ba6yA Lenter fliixnedotoa tdhafta2d 5. The
passes through the wheels 6 of the both sides of the
ftast, landkthechshertsm 6 Jaresr pratablydsuppor tedfhy sthelink
shaft 25 in a plane parallel to the dedicated rai
1Pl anél 22 dbeohashiafh k25 8.5 SUpPophed hyi dbecmarths. first
The first lever 22, the second |ink nechanism 14, the

15eRroNd lieyeroZbtaldDyd thepxleedd Horoha 4L08pEi By a
l'ink mechanismof a parallelogram Therefore, the

fpaseal balogram i srideanshar Bad ¢HeagarHaNEEnW tiy t g
conposite novenent 10 of the second link 18, and the

rét aPes 1V esdhadlet 4 aRedh %héh%pw#geﬁs el ] h@@gfi?{oe

to the rotation axis 25 of the whee IS rotate

4 x| 5 to I h »gt her i 0
pideoaxhe 251 §0pRe 5 Pakabked §§§SZQ. _Thglgegéﬁ@hgﬁn%

rel ati on between the control section

mth YRS PNy gop i 88? g@i thSgeld i@sﬂ'otliestrepf oﬁb.déd

with the guide line 1 an steering confrol section
rda TUBIS, ARG Ml SR LEDCT L BT U MAR 25,
aﬁfqgiggg%ﬁjiie%%rjyf rotatably supported by the cart
5. The free end of the second link 18 is rotatably
connected to one end of the first lever 22. The other

end of the first lever 22 is rotatably connected to

one end of the lever 1link 23. The other end of the

lever link 23 is rotatably connected to one end of the

second lever 24.

When an operation signal is supplied to the
actuator main body 15, the piston rod 16 moves forward
and backward in a linearly manner. The fifst link 17
is rotated to angularly displace in accordance with
ﬁhe linear displacement of the piston rod 16. 1In
accordance with such a main action of the first link
mechanism 13, the second link mechanism 14 operates.
The first lever 22 of the second link mechanism 14 is
rotated in accordance with a composite movement of a
rotating operation and a linear moving operation of

the second link 18.
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20 control unit 8 transmts a data acquisition conmand
signal 26 to the transmtting unit 9. The
transmtting unit 9 sends a data acquisition operation
signal 27 in response to the data acquisition comand
signal 26. The data acquisition operation signal 27 25
includes a data transmtting request signal 27-1. The
dat a acgai sietmiter openat icoh si gha £ 1272 fay aiseod 51dE hpowegh
27-2 to be supplied. A ground side power supply which
thle! shppllisess pofethico Hdiehguwiidbe &1 b€ klies natkinecasdathe
when the supplied power 27-2 is used. The guide line 1
whese Ubvicdedré ntotaeet opssuphriveed & stidié phiatit abl dn a
termnal point in a sane 5 interval, and has a
plsagepee 0f 1 HOStHI @hdagaaXicdwvsd t_riae_i_ jses15a8S.2 Therhe
. sequence of position data Xj expresses the sequence

shd st hesl-id neasperdle fUsyedhL£oQpdicnad es.penitre lever
guide line 1 is a circular guide line, the coordinate

220f the %@HBﬂ@Jl@@ﬁ“mééh&gﬂéﬁmihcmtﬂé {BBond lever 24,
coordinate of the start poi nt . i's preferred that

aﬂd“%h@tgﬁﬁﬂ 35 Egrmméaéh@%dg@lﬁ@ 1i¥%€ mechanism of a

1-di mensi onal curved coordinate X is strictly defined

| .

pa%%ﬁﬁ%%%ggq?ﬂ§%gn§% g?&%ﬁ%?o%gﬁggiggé coor%ﬁ%ates 15
éf&?ﬁe%f“!ﬂ?é Brtidfc8 SAGHENER Og:earltw@s&% 8 9Bment

orm IOﬂ ele
YRS L TR S R
planes) at the both ends orthogonal to the rotation
axis 25 of the wheel 6 is rotated to the axle 25 to be
parallel each other,

Fig. 4 shows a relation between the control
section 10 and the drive section 20. The control
section 10 is provided with the guide line 1 and a
steering control section 7. The steering control
section 7 is provided with a control unit 8, a
transmitting unit 9, and a receiving unit 11. The
control unit 8 transmits a data acquisition command
signal 26 to the transmitting unit 9. The

transmitting unit 9 sends a data acquisition operation

" signal 27 in response to the data acquisition command

signal 26. The data acquisition operation signal 27
includes a data transmitting request signal 27-1. The

data acquisition operation signal 27 may include power

27-2 to be supplied. A ground side power supply which

17
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sends the position data Xj, a target steering angle 20
e*(Xj), and a target rail deviation AR* in response to
the data transmtting request signal 27-1. The
receiving unit 11 receives the position data Xj, the
target steering angle e*(Xj), and the target rai
deviation AR* and transfers themto the control unit
s@pp8ids peweff dstiveet lpatiddellinme ¥ of sanicdn méememtary
1- j has an operation control data such as a 3-
whihdenendiconabppbdaditipowear i haz eivalum=d@nd a 3 18
di mensi onal defined velocity value corresponding to
t he posi Then glat deXjLirfe 31dimensivwhakdr aidtcuseaitiiens
and a 3-di nensional acceleration can be cal cul ated

. bétwsebha 3= darenyonat absdlaut eceadnth Dapbe i 1heal fame

di nensi onal defined velocity. In order to omt

iebewhat cndheweyved , skyulch @ f 8¢t iptes 1 PiBRHOA€aax, for
tabl e (the position data Xj, the target steering

t1Pa0kectilthd ar 0fhel &d qdleMical oM, pbhe Hidsgehatel Ogi Ly,
t he target accel eration, the rail curvature) Such a 10

est é@s@ﬁ/i@ep%@ngﬂcéobﬂtﬁhé'Tedfﬁ@ﬁgh%%éﬂeGEBHed

-j, or provided Tor the control unit 8. Wen

- cd@Pheniat ¥ OVigednl o dé Vﬁu%'d%e 1on8841 Qg ege@a@c&qar

the table 1s containe he target steering ang

gﬁfﬁ%tﬂ %§ r@ﬁg @3ﬂfﬁiggteIg%tﬁﬁg?%efﬁggtﬂlpébﬁtlis

tar get Tacdel eration the rail curva
e PR Lo hE, KR h e b P SRR R Pt Te 5
preferred that the interval is no more than one cn.
The l1-dimensional curved coordinate X is strictly
defined on a 3-dimensional absoclute coordinate system.
The sequence of the one-dimensional curved coordinates

X of the guide line 1 is a sequence of line formation

elements 1-3j. Each line formation element 1-7j

corresponds to the l-dimensional position coordinate

(position data) X;. The line formation element 1-j
sends the position data X,;, a target steering angle

©* (X;), and a target rail deviation AR* in response to
the data transmitting request signal 27-1. The
receiving unit 11 receives the position data X;, the
target steering angle 0*(X;), and the target rail
deviation AR* and transfers them to the control unit

8. It is effective that the line formation element 1-

- J has an operation control data such as a 3-

dimensional absoclute coordinate value and a 3-
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target steering angle, the target rail deviation, the
target velocity, the target acceleration, and the rai
20 curvature are searched based upon the position data
Xi. Fig. 5 shows the details of the steering contro
section 7. The steering control section 7 carries out
a control operation based on a 4 25 di nensional
digppr gieaae! sdettdmedi ve lesdrtay nued us cdeties@bbasag to
on an internal clock (not shown) Space coordinate is
thiefpaed thazeddet aa Br.di denst dhalenioi eneddinmt b. ciygature
rail reference curve expressed with 1-dinensiona
arglir yed-cdorenpatcar sl steneileset ivnt kiam bhecalculated
3-di nensi onal coordi nate system The steering contro
fromettbe B-idipeodidenalSabistidil vhe cenirdinartid @Bndathe 3-
rail deviation neasuring wunit 33, and a steering
diangh eideteeilct de f3hed hee loarittyw] ubnt o& desr ptovicaedt
with a rail deviation setting unit 36, a subtraction
calnitl 3%ioch St Remidier angle ipy eslf €kicali €Or eecCtdmfivide a
controller 38, a main 10 controller 31 containing a

tadilker apcangbeicdlaul @itanx, seeiont3vgetnds8eering
correction adding unit 32. The rail deviation setting

anlflid, 36neetiSathet tad Det deadiilatdeyhat ite AREEYIE velocity,
received through the receiving unit 11 fromthe guide

thld NeadgetNea @EIRIral5i 6R) | tdRVidd i N AR vhEu®) a5 $ich a

i deal value or target value AR*(Xj) for the position
ta@Ald fhy B¢ LRbY8lded for the line formation element
1-3, or provided for the control unit 8. When the
table 1is provided for the line formation element 1-7j,
the table is contained with the target steering angle,
the target rail deviation, the target velocity, the
target acceleration, and the rail curvature
corresponding to the element 1-j. Alternatively, when
the table is provided for.the control unit 8, the
target steering angle, the target rail deviation, the
target velocity, the target acceleration, and the rail
curvature are searched based upon the position data
X; -

Fig. 5 shows the details of the steering

control section 7. The steering control section 7
carries out a control operation based on a 4-
dimenéional coordinate system. Time coordinate is

defined based on an internal clock (not shown). Space

coordinate is defined based on a 3-dimensional
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rail deviation AR*(X ) is not always zero. The target
rail deviation AR*(Xj) can be set to zero on a.
straight line rail. However, it is ideal in a rail 20
regi on which the rail changes froma straight |ine
rail to a curved rail that the centrifugal force
inertia of the vehicle is taken into consideration.
coprdhiinatvmse, Thhe naghl ctefeurenoa anract vakpraidsddiawith
is set outer than the guide line 1. The target rail 25
1 @ ¥ inzini soiro WY ( Xju)r vesd seboasd andi st ancet et Wweers sticlidrhin
ideal rail and the guide line 1. Wen the guide |ine

tHei 8-skilmd0s tontadi cébediarges bislcedevi ati on OR*, the
20 target rail deviation AR*(Xj) is a constant val ue

of zeroThEhe tregelivigngomtoll dscaibangedi 8spdovided
detector which detects the position data Xi in a 5

witheterce@etnb10furthe eehiLl £281 ldev 5apliehemiesdshoring
such reference point to be set on rotation axis of the

uVehi gg MBld Rodt-e M bl BSPESt gb@ ddeo panly. Thge
receiving unit 11 receives the target steering angle

ctXbl W eh 8sifd xpdbyideld ngdehnat ey gui dedideidnt O
10 output to the steering angle calculation section

s inghud 5 | 36?viaa_t§,@8tg%3§wféﬂgumie $B,1 8 saeééfl%d;

In thée reference point, measures a current ra
orEHEa A Loyt e 85D SORTRL e 1855 b e
céﬁ%fgiﬁg?r§gi88ﬂ#£f§££8n% é%ggPiganﬁﬁgh% calculation
section 35, and a correction adding unit 32.

The rail deviation setting unit 36 sets the
target rail deviation AR* (X;) received through the
receiving unit 11 from the guide line 1. The target
rail deviation AR* 1is set as an ideal value or target
ﬁalue AR* (X5} for the position data X;. The target
rail deviation AR* (X;) is not always zero. The target
rail deviation AR* (X5} can be set to zero on a
straight line rail. Howeve;, it is ideal in a rail
region which the rail changes from a straight line
rail to a curved rail that the centrifugal force
inertia of the vehicle is taken into consideration.
In this case, the vehicle runs on an actual rail that
is set outer than the guide line 1. The target rail
deviation AR* (X;) is sef as é distance between such an
ideal rail and the guide line 1. When the guide line

1 is set to contain the target rail deviation AR?*, the
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preferred as a rail deviation neasuring unit 33. The
CCD canera takes photos of the guide line 1. The rai
devi ation neasuring unit 33 cal cul ates a distance
bet ween an optical axis of the CCD canera, and the 20
gui de line picked-up as a real imge. Therefore, the
current rail deviation AR corresponds to the

taayetil ardd disvamdd oThaREUNenti s ad| coamdtmanbnvaR ug of
supplied to the subtraction unit 37. The steering

zegngl e detector 34 detects a 25 quantity of novenent
of the piston rod 16 to the actuator main body 15 of
t he act udher rErxasvangurureht 14t eies i agramngiesd edXj 2 i n
real -tinme. The current 21 steering angle e(X ) is

dediet ptidb rt ovitiheh stiedrd diigs abplee p@s ediiot atatcar Kectinora
controller 38. The subtraction unit 37 is interposed

reatd nerpe thweinal b rdeynat yemisel éi Bg uditt i36 ppdfidhered for
steering 5 angle cal culation section 35. The target

suct | redteHeatdONpARNX ol BeSUPLI 88 @ tdrei subtaarsi F the
unit 37 together with the current rai

velevd i 8 AR(BO Ay TherStht radd 88t URIt t3e CakkiteS Otfie

the followng calculation and determ nes -a contro

redcivigYl d o0 110 AR {Kek @%é#%%r@%t1@€e6@¥ﬂ§|angle

rail deviation AR (X)) is supplied &s a feedback

e*c(%t)_r%feﬂnqg tpﬁ;@a@t QRELEDNG e thRl HARECAine 1 to

section 35 and the steering angle

output to the steering angle calculation section 35.
The rail deviation measuring unit 33 is

arranged in the reference point, and measures a

current rail deviation AR in the direction normal to

the guide line (a direction orthogonal to the rail or

a curvature-radius direction). A CCD camera 1is

preferred as a rail deviation measuring unit 33. The

CCD camera takes photos of the guide line 1. The rail

deviation measuring unit 33 calculates a distance

~between an optical axis of the CCD camera, and the

~guide line picked-up as a real image. Therefore, the

current rail deviation AR corresponds to the
calculated distance. The current rail deviation AR 1is
supplied to the subtraction unit 37.

The steering angle detector 34 detects a
quantity of movement of the piston rod 16 to the
actuator main body 15 of the actuator 12 as a current

steering angle 6(Xy) in real-time. The current

21




15 prediction correction controller 38. The steering
angl e calculation section 35 sets the target steering
angle e*(Xj) for the position data Xi received by the
receiving unit 11. Wth the target steering angle
e*(Xj), the data fixedly defined 20 in the guide |ine
1 is supplied through the receiving wunit 11 to the
skteerdimy angle dalXyl at sonudamii oho3%he Hohewering hangle
target steering angle 0*(Xj) may be defined as a
praliet{XpnetoXnactohhemieesingranyye cal cul ation
~section 35. Thereafter, the main 25 controller 31
det er m nghea Pubtirsicnabncamntirol 37steerinige apglseed between
0" (X,) which is obtained by weighting the contro
thal radevi aktror tAR K Xp e tarichg hentiar goé 2Adstiend i ¥geering
angle Ae*(Xj) with arate of 2 to 1. The provisiona

a§hbr da séeehitihbngbetQ dX13si.s suppli£dgeto el
correction adding unit 32. The correction adding unit

d@»@l RRGRI Y EER¥N&, )5 iy oyuepq&@d COAt kPle S{EBELRAG BGheunit
(X;) fromthe’ steering angl e cal cul ati on section

3£5to@%¥ﬂé§5w§tﬁx¥ﬁ§CEU¥}éﬁﬁeEbml5@85@&%¥HﬁQARQROW
the steering angle prediction correction control

Tl‘?’% ?%Chaé’@ﬁlohhq]\r?ﬂ rget ion. 5§ egrigg: aﬁﬂ' e f%?l;(&%_ntgo

provisional control” steering angl

cal¥in1ad: ﬁr%ﬁ‘d G L ol s §leserd g oangl e, 8 Qﬂl) doéx&atlon

generate tar get contro steering angle
% (gu&gut to the actuator 12 of the vehicle 3. In
hi's?way, a rudder

ART"=AR*-AR

The control rail deviation AR'(Xy) 1is supplied
as a feedback control signal to the steering angle
calculation section 35 and the steering angle
prediction correcfion controller 38.

The steering angle calculation section 35
sets the target steering angle 6%* (X;) for the position
data X; received by the receiving unit 11. With the

target steering angle 6% (X;), the data fixedly defined

in the guide line 1 is supplied through the receiving

unit 11 to the steering angle calculation section 35.

However, the target steering angle 6*(X;) may be
defined as a table (X;, ©6*(Xy)) in the steefing angle
calculation section 35. Thereafter, the main
controller 31 determines a provisional control
steering angle 6' (X;) which is obtained by Weighting

the control rail deviation AR'(X;) and the target
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is controlled. 15 The steering angle prediction
correction controller 38 receives the control rai
deviation 4R outputted fromthe subtraction unit 37.
The steering angle prediction correction controller
38 receives and holds the current steering angle
e(Xj) nmeasured by the 20 steering angle detector 34.
stiherdcony raohf e 2B * genenat eh an datexofff amtdel cur Térat
steering angles O0(X,) for N times corresponding to

pirdreisdenta Labonpasilt i obeefritde gtigde 16 nex) i Hst Baipplied
past operation, and holds the index as an operation

tdisher y st peetion?nddghg Xl BN.). The best
operation in the nunmerous operation records is

experi enthal loo et eERohethdased; 100 gUesSt el ¢8% the
coll ected from passengers, real 23 riding experience

pr¥vsBeeirAl 1 SESnta reebe PR At4RG1 Of AN OXPEELM the
(al though the steering unit for an operator does not

sﬁ@%ﬁin&f&h&PQV%Eybéﬁwtgéﬁﬂégétﬁoﬁﬂfﬁr'P@c@ﬂﬂé& a

signal froma termnal input unit). 5 The steering

coqqgéstabqﬁl §Eé@?1§1§{ reed enlaeswgmol k§6m38tﬂ@sseeermg

opti mal target steering ang The o

K e R R
DS SEREE e AR SLERLAL IR A0y B 1 0 LT et o
prBf £ 90l Lerbhe Surrent o POEIAEOR K. s, o
target control steering angle 8" (X;}) is generated. The
target control steering angle 8" (X;) is output to the
actuator 12 of the wvehicle 3. 1In this way, a rudder
is controlled.

The steering angle prediction correction
controller 38 receives the control rail deviation AR’
outputted from the subtraction unit 37. The steering
angle prediction correction controller 38 receives and
holds the current steering angle 8 (X;) measured by the
steering angle detector 34. The controller 38
generates an index from the current steering angles
8(X;) for N times corresponding to the identical
position of the guide line 1 in the past operation,
énd holds the index as an operation history steering
angle ©(X;, [N]). The best operation in the numerous

operation records is experientially determined based

on questionnaires collected from passengers, real
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target steering angle 0**(XJ+AXj) when the vehicle
advances fromthe current position X, to a future 15
position (X1+AXj) by AXj. The AXE is set as a function
of the variable j of the current position X, and may
be set based on a future rail curvature of the guide
line 1. In that case, when a change rate in the
r 131 4t G DL RESE t B é@ﬁf@rﬂlb§§|5tr| | regad tdreragion
future position (X + £ is small, the AXj is set
of afBePXPRBH, (@ﬂérhcmé chdrfyes Eaee iofg theisurficit LaR
is large, the AXE is set smaller. The steering angle
opgediett shredr nedt ienisont ridie eop8adabcubaneyenerate a
correction steering angle AC*(X ) by weighting the 25
sttonriol rangldeviimnah ARom tdheteurvigndl ophipme] udmi geét.
steering angle 0**(Xj), and the future optinal target
st eeri ngTherglsd: & (L XgrAG ¥y lai phrddiectaba afoBreatlioRs
The cal cul ated correction steering angle LG (Xl) is
coenippbiléert 03 8 hhaaddimgophiima3P. t Ipegeapts vak riarPeingle
steering angle 9**(Xj) nmay be determ ned based upon
O3 heX pper athenolitsiway 3108 bgsarg el O Xanldye - o+ & (Xs)
5 preferable to determ ne the optimal target steering

exNH £s8%* @ duiRapucd atwey ilhatahbhe ovidhabheh position
resulting fromsteering of the vehicle be m nimzed.

ofAltles nghielde Bihablie remrE depg e €HES %‘rtte@9§hb' %rhgxle
is provided and the opti nal target steering angle

pﬁ@@ié@1oﬂakd¥&§é%ﬁﬁﬁchhQ@Jfﬁéfagbehyweﬂh% current
vel ocity sensor (not shown) is provided for th

optimal target steering angle 0**(X;) to the current

position X; of the vehicle, and a future optimal

target steering angle O** (X;+AX;) when the vehicle

advances from the current position X; to a future

position (X;+AX;) by AX;. The AX, is set as a function

of the variable j of the current position X5, and may

be set based on a future rail curvature of the guide

line 1. 1In that case, when a change rate in the
curvature between the current position X; and the
future position (X;+AX;) is small, the AX; is set
larger. Alsc, when the change rate of the curvature

is large, the LX; is set smaller. The steering angle

prediction correction controller 38 calculates a

correction steering angle Ae*(Xj) by weighting the
control rail deviation AR', the current optimal target
steering angle 6*%*(X;), and the future optimal target

steering angle ©** (X;+AX;) with the rate of 3 to 1.
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vehicles 3, the velocity V of the vehicle my be
received froma velocity sensor. The 2-di nensi ona
coordi nate position of the vehicle is calculated 15
t hrough integration of the velocity. As described
above, the rail deviation setting unit 36 and the
steering angle calculation section 35 use the target
The; Fa&é?\HJa%gsﬁl ARIXEFLded ¢ heerdmypt aBgde iMy* ARgl eis
9*(X,) that correspond to 20 the current position of
sypRlies cte the taddkas timet 33r tAkalentisade tbrget
to be outputted after setting. |In actual, there m ght
streringsantéce Ghe(dut puaynine detpossitd hased hepon
vehicle 3 progresses to a position of X1+1. In such a
theisepetiad tangdti atab + v25 tdewi Bb goanaRte (j(X1) [&d thedt is
target steering angle e* (X -1) that are prior to the
praefeeablgpstvi detdrmhee tdhe chpthwmaohet ekrerents naygrheag
used. 25 The steering angle prediction correction
amgphe r 8FFefX 38 tar sieh cutway apidtakheontildkation
calculation to determne the optimal correction
restiebting afgbe AWddXihg B1e ipei FalhiCODEr Ble Mminimized.
calculation is possible by a | earning cal cul ation, or

Ala olymafied yeguat i@ cal ﬁéb%tﬂcﬂfh?oth@’ A £08RINgd ODLObn X,

these two cal culations. As the l[earning calcul ation,
is tprevpueleried tthéJS@;I)EiBL%llr a&aﬂgbworé<téék§wgiga&@18r
ca

a genetic algorithm cul ation, Or a genetic
o*al goni thaycalcus dhremdd MRbLAN tithe pgunal. nefmonrka
velocity sensor (not shown) is provided for the
vehicles 3, the velocity V of the vehicle may be
received from a velocity sensor. The 2-dimensional
coordinate position of the wvehicle is calculated
through integration of the velocity..

As described above, the rail deviation
setting unit 36 and the steering angle calculation
section 35 use the target rail deviation AR*(X;) ahd
the target steering angle 6*(X;) that correspond to
the current position of the vehicle 3. It takes time
for the data to be able to be outputted after setting.
In actual, there might be a case where the output may
be possible when the vehicle 3 progresses to é
position of ¥Xy,;,. In such a case, the target rail
deviation AR* (X;,) and the target steering angle 6%
(Xj.;} that are prior to the current position of the

vehicle by one element may be used.
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cal culation is incorporated. The neural network
cal culation and the genetic algorithmcal culation are
commonly known as a cal cul ati on technique. As the
dynam c equation calculation, it is preferred to use
15 the m ni num square val ue cal cul ati on (4-di nensi ona
navi gation) with respect to accel erati on anong the
rai | s whiléte shbre&iinpasnage candddeatd Qoi aesriec then
i nverse dynam cs of the dynam c equation of the 4-
cem findilonal 38ograk naees oUltheand- dipteimsa bnalontasd fat i on
20 is known as an optinmal route discovery techni que
cd beulaitrippmnéo |dmar @img neal thikabipdnindhe coomeot ioai |
deviation AR, the current 25 steering angle 0*(X),
staadriimg fangle @@¥ ik, 5t eeThrg ominghe 10*¢(EAXL) are
inputted to the input side of the neural network as a
cd Paniiang alat Asumdes s Abtenddy ak Nl e2G-1cONRGi Liadrci havhioeh) or
these data are smaller than setting threshold val ues.

a Algnantire €gunbedidroncst eenlidwwi gl & r A6Y( ¥ Jcombination of
corresponding to those data is inputted to the output

tisegle @frd hea Deunalt NEAWQr KA2S #hé eaeham tahacad Meation,
AXj is supposed to be set to "1", the current optinm

itt af gepreteeri-ad a0l @se* 5( MdupRl therdytyreanpiifRlion or
target steering angle e**(X +AXj) are expressed as a

a CYERERY ORL1 g8 itafdeta S Leard NPoANIIE: 63" (¥nk d @
future optinmal target steering angle e**(X +1), 10

aVFSPEE Y & 1 cBAGh A n NQACSP chhe nReu &l 38t WAL & 2%
calculation is incorporated. The neural network
calculation and the genetic algorithm calculation are
commonly known as a calculation technique. As the
dynamic equation calculation, it is preferred to use
fhe minimum square value calculation (4-dimensional
navigation) with respect to acceleration among the
rails which shortcut passage candidate points by the
inverse dynamics of the dynamic eguation of the 4-
dimensional coordinates. The 4-dimensional navigation
is known as an optimal route discovery technique for

airplane.

Learning calculation:

The control rail deviation AR', the current
steering angle 0* (X5), and the future optimal steeriﬁg
angle ©6** (X ;+AX,;) are inputted to the input side of the

neural network as a learning data under a constraint
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coefficients k1, k2, k3 and k4. The coefficient is
generally a function of coordinate Xj. The neura
network is a technique to determ ne the coefficient f
as an inverse function solution with x and y known in
15 simul taneous nultivariable |inear function y=f*x (y
and x are nulti-variable vectors). The neural network
cdeding dmnin cohliidiat theseofddbhe lkeay imgldatm a@hdnt Betting
teacher data. At this tine, although the coefficient
tlareshotl setdladsuni QUesy, tHe: opbkielc tSiodnt kereofiheangle
20 coefficients can be gradually and approxi mately
Agte(RL i ped s b MEAG JBnY ¢oHH Hagheas (¥, iXputted to the
the constraint condition (the | east sum of second
opopeEs sdfdacsel ehal i R8s r-0r h8ewbeastasum efe s€ceRddata.
powers of anplitudes). In this way, when an optiona
WHén CARL I 9l @HﬂpQEWdﬂﬁ@anRseEh@oCUﬂW”“tH%twﬁﬁrent
steerlﬁg angl e e**(Xj), and the future optlwa

ERENNG ANGLe 8T S fedbMarix Hh the fut
Ii%rrespondl ng 27 correﬁl\téjl onlﬁ'{ét%erl ngr;;( d’ngle%n%e* >(<a]) %aﬁre

tt t
°Ff°§”?§‘12“x“‘pﬁ‘ég§%ta5§. SRR BnLE SRR R gy ressed
2%y %é%?%??étnﬂ SReamA TP RIYES BB Aol Sroyk) and

gﬂﬁg I dto tak t
a er ent @ggf ItvatﬂfOI es asaenrﬁ alﬁlé)gr %r’?% plgUJ o }k y? hg

f th fect Al

resgﬁzr?%ﬂ% cgnﬁ%: >e§prOe 4:380&%?%?}0@56%"1‘0]:]{ has

coefficients k1, k2, k3 and k4. The coefficient 1is

generally a function of coordinate X;. The neural
network is a technique to determine the coefficient f
as an inverse function solution with x and y known in

simultaneous multivariable linear function y=f*x (y

‘and x are multi-variable vectors). The neural network

learns many combinations of the learning data and the
teacher data. At this time, although the coefficient
are not settied uniquely, the optimal solution of the
coefficients can be gradually and approximately
determined by giving many combinations (y, x} under

the constraint condition (the least sum of second

- powers of accelerations, or the least sum of second

powers of amplitudes). In this way, when an optional
control rail deviation AR', the current optimal
steering angle e**(xj), and the future optimal

steering angle ©** (X,+AX,) are given,‘the corresponding.
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10 the vehicle body in the identical position in the
mth operation and the n-th operation as Am and to
take a plurality of different sets of values as m and
n. Thus, mnimzing square of the anplitudes is
effective. 15 In order to attain the optimzation in a
hi gh accuracy and in a high velocity, various
Ccofel ¢ckaown s hachdmed | aly lteedh@f q¥es asna lgenetitputted.
algorithmand others can be applied. The genetic
al gorit hfe (G&x amp la, ndthedcom sttvcinthecodi tdlonr ais to
deviation AR, the 20 current optinal steering angle
ex®pré¢Xp) a tdiesfahure doptiandlostvetiwrganghe vehicle body
8**(Xj+aXj), and the correction steering angle
POAGH{ MXphsarien sehectietk i wBKNQY®Ss i vakwirabl @sthecahlynhand
globally in a random and a solution asynptotically
opewEel gas amiat Het k8- 0Bt bpRlr 25i 68! Ui andhinl & dd apot
into a local solution is avoided. An estimation
eqfdICt | @8 ia%h Shpllartdde KB M@t teNtaddesephiyBii Ry of
function is S|n1lar to a case of the 28 neura
d iFertaas Kt ééﬁﬁ'@?'%gfﬁégraéﬁmm@heh nt.ne 7188t MiiPizing
function value is low but is not deternined fo be not
sqe@hacted, the S&hgqtl%dy\@east 'beffégkcwee fzs’e\fgef
whi ch val uation function value 1s but anot

coﬁ%t’dx“giin§°| g;tﬂ%qt%'nstfs the o g{ﬁygggoacéyfgk'ﬁ% s of

not selecte e optimal cal ron’i's Trépeate

I
th%arV_ré c?Ht RYJ%%%‘B%?% Eeh\cl%‘lt g{:i%nq.)&(?gfggen Jt@?g}(x in the m-th

varl a Ion o e
operation and the n-th operation as Am, and to take a

plurality of different sets of values as m and n.

Thus, minimizing square of the amplitudes is

effective.

In order to attain the optimization in a high
accuracy and in a high velocity, various well-known
mathematical technigues as a gemetic algorithm and
others can be applied. The genetic algorithm (GA) is
a2 method in which the control rail deviation AR', the

current optimal steering angle 6** (X,), the future

~optimal steering angle 0** (X;+4X;), and the correction

steering angle A8* (X,) are selected as unknown
variables locally and globally in a random, and a
gsolution asymptotically converges toward the optimal
solution while trap into a local solution is avoided.
An estimation function is set for the optimization.

The estimation function is similar to a case of the
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program (GP) can be carried out by hierarchically 10
organi ze the function (S equation expression of LISP)
and by evolving an operator (tree structure of S
equati on expression) w thout restricting to evol ution
of the value of one variable for nulti-dinension of
the variables. Therefore, the optim zation of 15
neteadi e gk d .coit rnol r adbdrcebapeemnent | yhiicth the
respect to the identical vehicle running a circular
eglimatRhysi fahcddlaoul shilare P8 Aomaiduisidetreri defleasnined
a solution for the dynam c equation having an initia
taadndi nicdn $¢eleverad, tise sandethedacceliatat the atatheble
time as known values. In inverse dynamcs, the
faret oei, t Yo andhoehaccel epatiicon fuscdaied nyaetheasi @ high, but
sol ution of the dynam c equation 25 having the rai

arc®ohdirnalesinh las Ao UAkROK Yakke. die vAlSL@s6n a
proximty to coordinate Xj received from the guide

- fUA@Bibd Si PerbLt R @staqcoorth dabptXmlf E81cheation is

vehicle 3 on the rail. Such constraint condition is

rehd8Rcd @ PhPkAezptd @f Q1N aguars s Ok ddanging
acceleration, or mnimzation of a sum of the second

natPyera Qfareesl er atiQm deyatd Aen + 286 tde shektestis

time to reach a destination. The constraint condition
PP T 0000 ASEELESA 00 YGF T BTl 3
orYlh £L 2G5 CF R0 N sAGRAl SE RO 0L ¥8E i'dh 82! L1sp)
and by evolving an operator (tree structure of S
equation expression) without restricting to evolution
of the value of one variable fdr multi~dimension of
the variables. Therefore, the optimization of
steering angle control! advances permanently with

respect to the identical vehicle running a circular

rail.

PhYsical calculation:

A rail is determined as a solution for the
dynamic equation haﬁing an initial condition to every
time and the acceleration at the time as known values.

In inverse dynamics, the velocity and/or acceleration

is determined as a solution of the dynamic equation

having the rail coordinates X, as an unknown value. 1In

this case, a proximity to coordinate X; received from

- the guide line 1 is permitted as a coordinate X; of
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time through inverse dynam cs and the velocity at that
10 time correspond to a ratio of 2 to 1 in a steering
angl e. The solution calculated in this way may be
supplied to the output side of the above-nentioned
neural network as the teacher data. The correction
steering angle Ae* (Xi) obtained 15 thus is outputted
the vhbicore e3t pon tddeli ngiuni t [2chf comstthea shéerdogdition
angl e prediction correction controller 38. The
izxogiveh @ar asddnngimmi a8 orcab Eukates dibertolduomi o the
equation. 6" (X)) = 0" (X) + A0* (Xi) 20 Wen the
aomdhl ekatidrs, i dealdiyn taatzladied atf thesugubrerdthe second
position (the 4-dinensional current position) at the
PO F €Nb ft idtec &hd riaiSo AN da wit 4 8k ghts, | idedr ahle, shbetest
provi sional control steering angle O0'(Xj) is zero. 25
tifde €onticiiisai dedlt IHARIIRG St atRe (ABE®rd Mntth&ondition
i deal running state, the correction steerlng angl e

asfel{Xihilza ZesQ bF REBehRIS t POH GikER a3Bribf¥e) to a
in general. Fig. 6 shows the ideal running "state oh a

deQfr &l 8 ﬁﬁﬁf&@ﬁr%ﬂ&mmﬁ%ﬂéﬁgffc%ﬁ@jﬁﬁé%lh%s velocity
constant. Also, Fig. 7 shows the ideal” running state

aﬂayéksgﬁéﬁﬁgrétﬂsFrw ﬂ@eé%égfdf FY@H”§6§V%@*£§ Real

deally infinite nen ary i runni ng stat

tl\%\%ere t E'g?laljﬁwc’gg\é% ad?HEYﬂtég Ha%glelngvgfor&t ‘F}(Oag that

e anges troma stralght inée rai

time correspond to a ratio of 2 to 1 in a steering
angle. The solution calculated in this way may be
supplied to the output side of the above-mentioned
neural network as the teacher data.

The correction steering angle A8* (X;} obtained

thus is outputted to the correction adding unit 32

from the steering angle prediction correction

controller 38. The correction adding unit 32
calculates the following equation.

8" (Xy) = 8'(X;) + A6*(X,)
When the vehicle 3 is ideally controlled at the
current positioh (the 4-dimensional current position)
at the current time and runs on a straight line rail,

the provisional control steering angle e'(xj) is zero.

(1) Continuous ideal running state (AR'=0)
In the ideal running state, the correction

steering angle AQ*(Xj) is zero in principle, and 6" ({X,)
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10 constant curvature rail (curvature radius = R). In
t he 4-di nensional navigation, there is no case that
the actuator 12 instantly changes a steering angle
fromzero to a defined steering angle 0' at the point
P. A predeterm ned steering angle e* corresponding to
15 the constant curvature rail is set in the steering
=afigl{&;¢alicul aehemraslect iDhg35.6 |shewsh theasdeattherunning
correction steering angle Ae* (Xj) is zero at the
shaiket o) andittmikant relilsteeerrg tdngl eva' 2§dresradius R
equal to the provisional control. steering angle 20
ig' CHnstdntis Rdeal, thay.t e chowecttilon steern nguanghey
- Ae*(Xj) snoothly increases thereafter, beconmes maxi mum

statehemiadbemaigtit betiweenridhe poidtePrard @upobmturQ
snoot hly decreases after passing through the mddle

rdins, randdbacanesigeiaiate f he point Q 25 (3)
Non-ideal running state 1 (AR #0 or AR =0) As shown in
Fig. 9, when the vehicle runs out 31 of the rail, the
control steering angle G' (XI) and the provisiona

(EP%bﬁ'érﬁ@ﬁ%Lﬁ@@é‘E' Suln(Phd BEQ UL (AROLAG dent with
each ot her. shown in Fig.” 9, when the change rate

f i ks t Ly 4
of a raifjgurvat yhewdoes Eﬁky%vﬁg%@t %gg{ﬁﬁk&i ?Q)alrlﬂ@ P

near futuré, and particul arl

LR B LLEL Bl st Rchen o SECAILC L BEQOo o
cdﬂg%éﬂ%e%dfwgtﬁ%§ﬂghiﬁh%5ﬂ§@5k@%§”@£81us = R). 1In
the 4-dimensional navigation, there is no case that
the actuator 12 instantly changes a steering angle
from zero to a defined steering angle 6' at the point
P. & predetermined steering angle 8* corresponding to
the constant curvature rail is set in the steering
angie calculation section 35. In such a case, the
correction steering angle A6* (X;) is zero at the
peint P, and the cpntrol steering angle 6" (X;) is
equal to the provisional control steering angle

B'(¥5). It is ideal that the correction steering angle
AB* (X;) smoothly increases thereafter, becomes maximum
at the middle point between the point P and a point Q,

smoothly decreases after passing through the middle

point, and becomes zero at the point Q.

(3) Non-ideal running state 1 {(AR'#0 or AR'=0)

As shown in Fig. 9, when the wehicle runs out
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change per unit clock depends |less on rail deviation
.10 AR, or may be proportional. The vehicle gradually
approaches to the straight line rail not along the
.solid line display rail a but along the dotted Iine
di splay rail b. Wen the control rail deviation 4R
is zero, the steering angle change per unit clock is
ofisthet retil} &hw lerntThe steerirmigianghglehdigeXperand the
unit clock further corresponds to the difference
pietwedona hecomtment steendimgaaglel O(&X1)Xahdatde not
current defined target steering angle 0*(Xj), or
copiat ¢ i delner [ wi thmye eh poopert | onkk. s2@we*iHixFlg. =2 e" when
(X ) - e (x;4) , = -kl x AR + k2 x (0" (xj) - O
the¢hangee nhove i andakld, endvid g Hdelso et change
descri bed bel ow are the coefficients of the nodes in

grzfatt hg AeurahenlaMr kfutﬁ)ré\lonah@eqjafﬂnaun@ﬂ@tﬁh%n the
(AR #0 or OR =0) 32 In such a case that the rail

raQlr VasUke s€hanges: af Akl ¥-4im f ublr & @Srshewe 4 NoFi g.
10, the curvature change of the curved rail of the

sﬂ&ﬁﬂhi?t@H%oh@ﬁt%ﬁh&%aEQEé%ﬁErb@| kWK@nSEQQWJ%Qalght

9is fed 5 forward, i.e., predicted and fed in

1iadvangey @Bhﬁﬁﬁué%”f@ﬁ? @ﬁéﬁﬁﬁ“'Eh@ngggé¥inéxhkgle

is outputted from the steering angle prediction

ch%%c{@éé?grlﬁ?ﬂggle o 3§e8te%d§]el%%rg €541 201394 095 ation
AR, or may be proportional. The vehicle gradually
approaches to the straight line rail not along the
solid line display rail a but along the dotted line
display rail b. When the control rail deviation AR’
is zero, the steering angle change per unit clock is
set still smaller. The steering angle change per unit
clock further corresponds to the difference between
the current steering angle 8 (X;) and the current

defined target steering angle 6* {X5), or particularly

may be proportional.

AB* (X;,,)
= Q" (Xj,u) . G(Xj;l)r
= -kl = AR' + k2 x (8" (X;}) - 6'(X;))

The above kl and k2, and k3 and k4 to be
described below are the coefficients of the nodes in

the neural network.
{4) Non-ideal running state 2 (AR'#0 or AR'=0)
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snoot hly approximate the future curvilinear rail. 10

AO* (x7+1) e" (X1) - e (X) - kIl x AR + k2 x (0"

(X)) - A (X)) + Ag* (X)) A9* = k3 x 8* (Xi + AXE) +

k4 x AR A devi ation detection nmethod according to the

15 second enbodi nent of the present invention wll

described with reference to Fig. 11. Referring to

Fig. 11, Ia morrlconat getdagthyppe gue deadd Icutviegure

provi ded instead of the guide line 1 in the contro
Chaeg 6n 9rE ot 1 ¥hé. rsefohd rentmsli ghotwrof it h&ipr.esed; 2Ge

invention. The guide rail 41 is provided with a rai
cuita bur42 chhacgebstoneh43 cuanded paiirl of fecenid ahe gui daiture
- rails 44. The wheels 6 on the both sides of the
insdthegfle odr etlseippersttedr by 1t e £ensbalwiguirgdeg .r a | 5s 44l

rotate. At the right and left ends of the vehicle 25
fomiardpdy .4 of phediebtede ahd pesit iiah #8%8&lddg and the

sensors 45 are fixedly arranged respectively. A

copasi ¢t dBndefiass kNG FSeNsgl eA 2 EOr [RSPOAES d@tﬁu@%'erdlofrom

33 the transmtting unit 9 and t he’ recei ving unit

th@sst@éﬁﬁﬂ%ﬁh@§mé9pﬂ@&l@@%dﬂOBOQ@é%%iSH SR 042er 38

is a non-contacting type sensor such as a CCD canera

toaitthe aBo 2L bA %@aﬂnGO&ﬂﬂ@n3§0%w¥'Ehéa%%hlJTS 2o

position detecting sensof 45 detects the relative

smbeaatl Pnapgtwsenmhie lifne ed 4@ ghr\%} grral ]'Lde
od e ve

rail 44 and the vehicle main

AB* (Xy4y)
= 8" (X;) ~ 0" (X,)
= - k1 x AR' + k2 x (8"(Xy) - 6'(X;)) + AB* (X))

A6* = k3 x 0% (X, + AX;) + k4 x AR
A deviation detection method according to the
second embodiment of the present invention will
described with reference to Fig. 11. Referring to

Eig. 11, a non-contacting type guide rail 41 is

provided instead of the guide line 1 in the control

section 10 of the second embodiment of the present

.invention. The guide rail 41 is provided with a rail

bottoﬁ 42, a curbstone 43, and a pair of central guide
rails 44. The wheels 6 on the both sides of the
vehicle are supported by the central guide rails 44 to
rotate. At the right and left ends of the vehicle
main body 4 of the vehicle 3, position detecting
sensors 45 are fixedly arranged respectively. A

position detecting sensor 45 corresponds to a pair of
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3is in anormal position, the position detecting
sensor 45 generates an inmage in which the |line edge 46
10 is coincident with the central line of the CCD
canmera. The position detecting sensor 45 detects a
position deviation AD as a distance between the
central line of the CCD canera and the |ine edge 46.
thpetpegiombhtigaviwnibn 9ARNd thppliedeivitte shierilidg as
angl e 15 cal cul ation section 35 and the steering angle
desedibeidormleovesct iTore coatridlien d8tefct hegcemmabr 45 is
unit 8 as the above-nentioned AR . As shown in Fig.
a lzonthengost tiioy defreet srosenssncdb aayabecr r@ageda and
fixedly to the side wall of the vehicle main body 4.
arPOalihombitsi casecahepposittican fletectimg $arsof. 45The
detects the distance or the distance deviation
pdret tben aletefenencessusbace f dblhe st getwal Irofathee
vehicle main body 4 and the inner surface of the
lad bsban® Adve bn difd el gRee ARjebalonasn anpr es@it¥ahUQuide
AR and the 25 position deviation OD may be supplied to

rdile &1e@hidghandleh £al ukRtiPHEaGt iPAN 3PhaRd e vehicle
steering angle prediction correction controller 38 of

3 e £ONLY elo Bfla YNido $i 8868NOWH & NpbRS {158t detect
enbodi nent . Re?er%%%g toOFig. 13,pthe deviatfbﬁac Hhd

s&gﬁﬁthgngéﬁbgée@%d&ﬁ%{ Jgdrgggglp{)cgg ﬁggggﬂri@@t eflye 46

the presént invention w _ ferring t
isSdﬂfhciéeﬁfmhﬁgﬂtﬂﬁ ggh%?d?glﬁﬁ@y%f4éﬂéqééﬁ Famera.
third enbodi nent of the present 1nvention i's fiXedly
The position detecting sensor 45 detects a position
deviation AD as a distance between the central line of
the CCD camera and the line edge 46. The position

deviation AP is supplied to the steering angle

calculation section 35 and the steering angle

.prediction correction controller 38 of the control

unit 8 as the above-mentioned AR'. As shown in Figqg.

.12, the position detecting sensor 45 may be arranged

fizxedly to the side wall of the vehicle main body 4.
In this case, the position detecting sensor 45 detects
the distance or the distance deviation between a
reference surface of the side wall of the vehicle main
body 4 and the inner surface of the curbstone 43. A
difference AR’ between a preset value AR and the
position deviation AD may be supplied to the steering
angle calculation section 35 and the steering angle

prediction correction controller 38 of the control
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arranged at the head section of the upper section of
the vehicle 3. An optical axis 47 of the position
detecting sensor 45 intersects the road surface 2 at a
10 predeterm ned angle 0. The distance L between
intersection 48 of 'the optical axis 47 and the road
surface 2 and the reference point of the vehicle 3 is
ugbhsBams Feowhowirn | hhEi F.ivsl wmdodiweeB6ED camera is
used as the position detecting sensor 45, the width W
15 bet weBp freai 1 ibgl ttosiEing . 51 3dr abheodeanbetded aethetion
road surface 2 as a rail surface is detected as a
medod atcepreéliatyg vieo | bhat itdni déf emtth d Diehlte olf stasce
L. The CCD canera detects the distance deviation AW
pibeseaen iheeneterencel pobrt b setkiped he rReGgE ANty t B
20 central point of the wdth W The deviation ONis
Fipgocessed:isé nbbariltyi 69 Hbe quosi hiyors deybat ison AD tAe third
t he second enbodi nent. Referring to Fig. 15, the
entgyd ahiedt det e€hieo r@@éh%dfﬁ$@h@wahtpstQQJé&Eyh
enbodi nent of the 25 present invention wll

ardesghbBedt Reher hidiy t Qe ckli®n 1ot @ﬁ%?&%ﬂ%ﬂ'é@bélB%Sof

a single rail belt sign 51 in the fou enbodi nen

tref $bgipnesent 'ﬂﬁe@):ﬁtc}ﬂ:al3§x&sr ejer %'Fetﬁgag‘ésgiz%lon

wth a reference wd Wis set on the inmge

dég;E€§HEr%eﬂ@§rr@§ #ﬁ£é @éHkélth"¥§Qa“BJ@@§@§ 2 at a

caneéra and the reference 1nmage

oot TRl By g, g 1 R S
intersection 48 of the optical axis 47 and the road-
surface 2 and the reference point of the vehicle 3 is
constant. As shown in Fig. 14, when the CCD camera is
used as the position detecting sensor 45, the width W
between rail belt signs 51 drawn or embedded on the
road surface 2 as a rail surface is detected as a
width at a relative location defined for the distance
L. The CCD camera detects the distance deviation AW
between the reference point P set on the image and the
central point of the width W. The deviation AW is
processed similarly to the position deviation AD in
the second embodiment.

Referring to Fig. 15, the deviation detection

‘method according to the fourth embodiment of the

present invention will be described. Referring to
Fig. 15, the guide line 1 has a single rail belt sign

51 in the fourth embodiment of the present invention.
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following relationis met W= W + WO + W The
deviation OVis processed simlarly to the position
devi ati on OD shown in the second enbodi nent, 10 such
that the absolute value of deviation LW (= W2-W)
becones small. Referring to Fig. 16, the deviation
detection nethod according to the fifth enbodi nent of
At hefepraoseat imagentddnwiiltl derddwordbed. wReftehr itng ¢t ;set
15 Fig. 16, safe guide rings 53 are added to the
ornvehhel eim&Bgef biyhd:lre gCCI? daméhe .fi fitle endodi menttokign 51
the present invention. The safe guide ring 53 is
ppecreicdert p ehtehercsi damdfri henmmithdody refrdfi€e image 52
vehicle 3 or the cart 5. Arotation shaft 54 of the

asaf g ugitien@0seidnt S3prd it @l LBk eled d DEFORRASE NBinds of
surface of the curbstone 43 on either side. The safe

igalhde ®itth S¥iddeesy DOt weordRgt wbhe aw bst pge Ake | Nthe
this case, the construction cost of the safe guide

f&1n8widhgvi£hadees, Dot meantact the curbstone 43 is
significantly | ower 25 conpared with the construction

gost Wi thegowl lwknown guide rail for guide rails.
There is no noise generated between the curbstone 43

Tr?é‘ddék}gaj?i:‘cﬁn?}ﬁbevdgosg%%i?%%t edogigﬁ‘lelf’aixlb%?t LQP {8

gener at e e venl IS pre erred

p&vﬁil{gﬁgggtdéeg%gg\%ggnaz grgﬂg%@n dfﬁe%h%r 5(@85n%hoe%odiment,
such that the absoclute value of deviation AW (= W2-W1l)
becomes small.

Referring to Fig. 16, the deviation detection
method according to the fifth embodiment of the
present invention will be described.. Referring to
Fig. 16, safe guide rings 53 are added to the wvehicle
3 of the Fig. 12 in the fifth embodiment of the
present invention. The safe guide ring 53 is provided
on either side of the main body of the vehicle 3 or
the cart 5. A rotatioﬁ shaft 54 of the safe guide
ring 53 is parallel to the opposing surface of the
curbstone 43 on either side. The safe guide ring 53
does not contact the curbstone 43. 1In this case, the
construction cost of the safe guide ring 53 which does
not contact the curbstone 43 is significantly lower
compared with the construction cost of the well-known
guide rail for guide rails. There is no noise

generated between the curbstone 43 and the safe guide
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5 rotations of the wheel 6. An absolute position data
on the one-di nensional curved coordinate L of the cart
5 or the vehicle 3 and a relative |ocation data
between the cart 5 or the vehicle 3 and the guide |line
1 are added as control data. The absolute position 10
data may be neasured by a neasuring unit in a kinetic
ri¥ypgt @@, Asr ahpeathb desdorbeds i getlee diedt ientiode neady of
the absolute position data may be acquired fromthe
tlyai dgehiake 1 (ubi quitous sensor). Referring to Fig.
17, the drive section 20 of 15 a four-guide-ring type
bogi e actardisgptre fidrersdxtbh =ahbodi reritatofohhErequency
present invention will be described. Referring to :
détgcetbls (oot ghicdenyi @S d)ldenecds ache Wuntbeér guifde
rail are supported at the right and left ends of the
rppaalilbels isprend awhéal 12, mndabhe 1night p3e ianhelikta
wheel s 6 are supported at both ends of the shaft 25.

o hehtr Qe aRgmeedyi PREA IRlrv8@Mmebidrdl haks 1102fatBe cart
connected with a link 103. The link.103 and the shaft

5 25rak@d & $8%d ™ ¥nBOoRNeAd Balt 8ty DOl hc 2 BidH &data
poi nts, and an intersection 104 is rotatably 25

bStRBRR! € PYchbe oard »SenWhenef e 1oy - gydeyd r€u1de line
type bogie is applied to the flrst enbodi nent,

1Q#fgeaqq%ﬁ4€%383ﬁifgiabp? r'%§df$téo%o§q@1on

t he are renove e act uat or
Qnﬁ%ge%éMﬁgagﬁ é@ %g %ﬁmé@gﬂrgggéﬁgﬁtm%ﬁm er%etlc
ype gie i's applied t'he secon I men
system. As already described in the first embodiment,
the absolute position data may be acquired from the
guide line 1 (ubigquitous sensor).

Referring to Fig. 17, the drive section 20 of

a four-guide-ring type bogie according to the sixth
embodiment of the present invention will be described.
Referring to Fig. 17, four guide rings 101 in contact

with a guide rail are supported at the right and left

ends of the parallel isometric link 102, and the right

and left wheels 6 are supported at both ends of the

shaft 25, The front and rear parallel isometric links
102 are connected with a link 103. The 1ink 103 and

the shaft 25 are intersectingly connected at both

middle points, and an intersection 104 is rotatably

supported by the cart 5. When the four-guide-ring
type bogie is applied to the first embodiment, the

guide ring 101, the parallel isometric link 102, and
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techni que of the four guide ring bogie type is still 5
adopted, but the guide rings 101 re arranged in such a
way that they are not in contact with the curbstone
43. Referring to Fig. 18, the drive section 20 of the
steering systemused. in the steering apparatus of 10
the rail non-contact vehicle according to the seventh

. tbpdhmrento f a tbe Haweseal, i nuwent tae widdubeodeseriped.

Referring to Fig. 18, the present enbodinment realizes
cdritec abeve-wenh i ened dieaktt i, hivghe Rr @GlcSi O FOY8 de-ring

control and the safety associated with the control. 15
tyde beatiy & 4 SapphiievedeBY t¥al NgeBohd lemiSh 8¥m@Rt A the

safety bar, and adding a safe clutch. The drive -
texafh i §0e2Q # St REOAed &hg@§r¥ﬁnécb% iF %%Eetm% still

first i nk mechani sm 13; nd the “second |

o500 Sl £0 SELURLOFre, SpELon 20 o o o
e TR g B O PO B B o

to the actuator fixed section 55 is equivalent to the
above- menti oned piston rod 16. A 25 nut 57 is fixed to

th t yat fi.xed jl,on 55, A_.bal 58 ‘

oo SHERRE R 3R D TR U T on 20 o
thbearin s.60 and gl whi ch are fixed &o t he 38 actuator £

fovatt 8- $8¢ i DhS5E™ Asedvifotdle 58LFST i de@Pyaratus o

arranged in the actuator vabl e sect.i.on 56.
the ragf non-contact vehggle according to the seventh

embodiment of the present invention will be described.
Referring to Fig. 18, the present embodiment realizes

the above-mentioned real time high precision route

"control and the safety associated with the control.

The feature is achieved by using a ball screw and a
safety bar, and adding a safe clutch.

The drive section 20 is provided with the
actuator 12, the first link mechanism 13, and the
second link mechanism 14. An actuator fixed section
55 fixedly supported by the cart 5 is equivalent to
the above-mentioned actuator main body 15. An

actuator movable section 56 which moves forward and

- backward to the actuator fixed section 55 is

equivalent to the above-mentioned piston rod 16. A
nut 57 is fixed to the actuator fixed section 55. A
ball screw 58 screwed in the nut 57 is rotatably

supported by bearings 60 and 61 which are fixed to the
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The end of the ball screw 58 is connected via a
coupling 62 with an output axis 63 of the servonotor 5
59. A clutch 64 is interposed in the output axis 63.
The safety bar 65 is connected with the actuator
novabl e section 56, and noves forward and backward in
a transverse direction d. At the both ends of the

achbetty hano6spleafse et hgn 6656 ar eAr geatalytd® 59 is
attached. One end of the first Iink nechanism 13 is

finedilablar sappekt ech byhkhe clank tor ansivadbeeotshett 66 56.
of the first link nmechanism 13 is supported by the

Tisaf ehyl haf Gher Bladtlabs ¥ riedr the €8r tcdndBeeserwOADLOr
59 receives the above 15 nentioned target contro

cElpintg enowe td’ @hl)ocakpud O4ALES dP & I phat iYWrvomotor
position corresponding to the target steering angle.

s5dhe Makh v dievs 58ikotiat €8 rp® A d COAI @IRONML PPukOtAL{ 8N63 .
posi tion, and noves to a linear position

correspongieng 4 O t ephgt agon spcz:%csﬁheetle'a aPi £RSReNSe

to the reaction fromthe nut 57. actuat or novabl e
Seeh R M Thel el ishear i s g bal|
a'scre\/\/58 dlsplageg t he P?g¥§ I?h% %&nﬁ£%rg%?f%ﬁﬁd ahla

batcnswﬁﬁeo%'énkrgﬁ%'mg@% eglafio'n%?dlsp K A3 bot

ISp aces I n response to the I near acenent

=HS e RTINS e S e A Btacaniy
atGALERRONTLRL (a8 o AET LIYLL oL R M 20T
rotatably supported by the cart 5, and the other end
of the first link mechanism 13 is supported by the
safety bar 65 rotatably to the cart 5.

The servomotor 59 receives the above-
mentioned target control steering angle 6" (Xy) and
rotates to a rotation position corresponding to the
target steering angle. The ball screw 58 rotates to a
corresponding rotation position, and moves to a linear
position corresponding to the rotation position in
response to the reactiqn from the nut 57. The

actuator movable section 56 that linearly moves

together with the ball screw 58 displaces the first

- 1ink mechanism 13 and the second link mechanism 14.

The lever link 23 displaces in response to the linear
displacement of the second link mechanism 14 and
rotates and drives the wheels 6 to the steering angle

position corresponding to the target control steering
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During a normal control operation, the safe rings 66
on the right and left sides are not in contact wth
the safe guide (the curbstone 43 in Fig. 5 16). Wen
the control rail deviation AR shows an abnormally
| arge val ue because there is a gust or the contact
W th another vehicle in an airport so that the
amveheckéd ©ores off the guide line 1, the safe rings 66
of the vehicle 3 on the right and |eft sides contact
10 the cDhubstronea4B8orme Sucbna eabeopthatiipel | ithg safe
force of the vehicle in the above-nentioned automatic
ricomér 6le iom | bheuencgtt wehld therteadldesn seeeinead faom.
the curbstone 43. For this reason, the contro

cdrosh EoRy iafh t-BReba d £ 6 CHRW RS @ﬁﬂet@%ﬁﬁéﬂéhéxﬁﬁtiﬁnFlg
15 becone different, and the difference between them

16y, detent ethdychhe T VOEBNOlq Sl 2 SR8 Ak ONsBows an
interference nmay be detected by pressure sensors

akﬁidﬁﬁﬁ@‘iyt 0 $85€ WU 6BAhide Lhhie apd L leg]u%%d&%- the

When the clutch 64 is di sengaged upon detecti

| e [ runs.. f a e
Cogrﬂ%%gg qugrt?ﬁeaég?g\érelﬁngéﬁé%loérjl Jts egh af\flgbgt %Cp tHQt the
h hi.¢l. t 4l ¥

Ve%rla ?%gég\ge\s@er Etf E:rl?/ﬁgebéégireiepg %2 ve% ?ng%% 'arlngs 66

fméﬁglvgﬂ@ .Eﬂ”ﬂges¥§§ﬁ@ Pﬁn fft 1%estébnggct

a diese englne or a
b th use f the ball_ screw 58 nnkes Qntro
r%eséé%ggggccurgcy h| g eru%lﬁd sé:fa&?/ 05 %e“bﬁ?‘aﬁ‘gﬁf‘;ﬂ 4%°rce

of the vehicle in the above-mentioned automatic

th

control is influenced with the reaction received from
the curbstone 43. For this reason, the control
position of the ball screw 58 and the actual position
become different, and the difference between them is
detected by the servomotor 61. Generation of
interference may be detected by pressure sensors
attached to safe rings 66 on the right and left sides.
When the clutch 64 is disengaged ﬁpon detection of
interference, the véhicle 3 runs for a while as being
guided by the safe rings 66 on the right and left
sides. However, the vehicle stops promptly when a
braking acts. The drive source of the vehicle 3 is a
diesel engine, a hybrid system of an electric motor
and a diesel engine, or a fuel cell. In this
embodiment, the use of the ball screw 58 makes control

response accuracy higher and safety can be promptly
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secured at the tine of abnormalities. The curbstone
43 has al nost no function to support and guide the
vehicle, but only supports the vehicle for a short
period during which the control rail deviation 4R is
5 detected and the vehicle stops. For this reason, the
curbstone 43 needs al nost no needs for strength,
sefuirefbratt hdecopsneuoti rbrosmadr et irade r @ kabtlystone
cheap. Fig. 19 shows a nodification of the seventh 10
4@nbhedi melmosltiowo | Aubicd.i hB. t Phespepoatomnvabi e the
section 56 is changed into an actuator fixed section
vElsiclEhe motuatmary f sxegosecsd i 6hb67eh s cliiexetbt oat BRort
cart 5. The nut 57 is novably supported to the
perctudt alufixgd wietéhonh®b chytirha bedk 1saeam $8iohhar is
15 bearings 60, the servonotor 59, the coupling 62,

dé hecteul puhdaxihe 62ehatd d het 6bul.ch - afR1 @M NAMEEnL Nthe
the actuator fixed section 56° just as simiarly as ,

cifies toRR: SNOWA ddH & hg1mewant o ephqdi frenp %Stf@n&[qgg,

above- nentioned enbodi nent, the end section of

tHd F8F02Q | ERK @%ﬂﬁ@fﬁﬁky%ﬂScég%mégéyméngﬁéﬁgrﬁgbly

the cart 5, and another end of the first
e anism 13 is rotatably supported by the safety bar
65.” As in the seventh enbodinent in Fig. 18, the

di spl acepeyl of 9 tgﬁow%ymeagfﬁé phen t{g ¥ %leeventh

25 separ at fromthe rali and contacts t curbsto

emzfnr;b irﬁe‘hr@ H])t\l e &%igéngnf?:’]k@h\” %anti EIQ%StIl} Varble

anlsn11 e se
section 56 is changed into an actuator fixed section

56'". The actuator fixed section 56' is fixed to the
cart 5. The nut 57 is movably supported to the
actuator fixed section 56' by the ball screw 58. The
bearings 60, the servomotor 59, the coupling 62, the
output axis 63, and the clutch 64 are arranged in the
actuator fixed section 56' just as similarly as the
one shown in the seventh embodiment. As in the above-
mentioned embodiment, the end section of the first
link mechanism 13 is rotatably supported by the cart
5, and another end of the first link mechanism 13 is
rotatably supported by the safety bar 65.

As in the seventh embodiment in Fig. 18, the
displacement of the safety bar 65, when the vehicle
separates from the rail and contacts the curbstone 43,
is transmitted to the wheel 6 via the first 1link

mechanism 13 and the second link mechanism 14, the
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41 wheel 6 is steered corresponding to the curbstone

‘43, and the clutch 64 is instantly di sengaged. The

enbodi ment of Fig. 19 is relatively identical with the
sevent h enbodi ment of Fig. 18. 5 Referring to Fig. 20,

the drive section 20 of the steering system used for

the steering apparatus of the rail non-contact
wielkilcl® a8certdienedo corer esghnld imnbodi et ofirbbéone 43,
present invention will be described. Referring to
apdg.tizg, clhitshenbddiserinasenta yr atks and akfe i ni Dhe

pair. instead of the above-nentioned ball screw and
epbbdiaient Thifs Eidodil®ents shews tHiessl perfdemmnegal with the
respect to the steering accuracy, however, excels in
sewdndti osmbb dtieegosb fofridie dgive section conpared

with the aforenentioned enbodinent. 15 Referring to

Fig. 21, Rdfedring sectieg.2b®f thhe cﬁﬁﬁ@él B@ SYSEEM0 of
used for the steering apparatus of the rail

tM@ns@@Hﬁ@ﬁgV%Wéﬂémaﬁ%@d“f@rt%Hé“%@é@%ﬁnéngﬁh@§Hus of
of the present invention will be described Referring

the Fiagl %ﬂontﬁlo%teé@@dkr@mcﬁéfB%fc%z_t&hﬁet%P the eighth

enbodi nent of Fig. 19 in that the safety bar
eﬂ%éﬁiméhﬁ'éfdﬂﬁétﬁfe%%&kEaﬂ%gW%goﬁhﬁéﬁfwﬂ l&@%crlbed

mechani sm 13. The clutch 64 1s di sengaged at the

Ré’fef‘?@‘ﬂg‘@é“ﬁ'.@cg 22861012 %t%h\@hé B?y Iﬂe?'ngs oct%y g%ll %ﬁ{l and

by the safe rin e sa

_plzl‘ﬁlé‘ﬂtpvg{g fﬁg%?eraclnol‘h't% a§}90v h?nerg{:/eP V(\ﬂllgg% gﬁ:rew

resis y an eely noves T St an
and nut pair. This embodiment shows less performance

with respect to the steering accuracy, however, excels
in reduction of the cost of the drive section compared
with the aforementioned embodiment.

Referring to Fig. 21, the drive section 21 of
the steering system used for the steering apparatus of
the rail non-contact vehicle according to the ninth
embodiment of the present invention will be described.
Referring to Fig. 21, this embodiment differs to the
embodiment of Fig. 19 in that the safety bar 65 is
directly fixed to the cart 5 without the first link
mechanism 13. The clutch 64 is disengaged at the time
of abnormalities, and the vehicle 3 is directly guided
by the safe rings 66 of the safety bar 65 of-the right

and left sides. 1In this case, the nut 57 which non-

resistively and freely moves in a transverse direction

~d to the ball screw 58 does not behave as an obstacle
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d to the ball screw 58 does not behave as an obstacle
42 ------ - R - for steering. The safety
bar for guiding the vehicle 3 is actually not
required since the vehicle main body itself has a
function of the safety bar. An abnormal 5 torque
occurs in the servonotor 61 when the vehicle -main
fdindgteentiacd s t he curbstone 43, and a control signal
expressing a control steering angle is sent normally
to the sBheomeidstGlbalRet £6ti gmiddihfethabnoshikle 3 is
torque stops the further novenent of the 10 vehicle
acangla At yualoss £ 8qulinekd ngidfcd hehvheehit-18 mprieveapbddy
accident. However, it is preferable to equip the
itsd Pfyhbar anfuhbe ik bsForg #3saf et WPSLAUt i AR abnormal
Referring to Fig. 22, the drive section 20 of the

o gebt DRCOS) DUSAL |06 A% 081 a0 apeghue 0115
el e e praReT A o fesibe
Bt L T
nORBULY | S0 CYed Y yELD0 & 1 g BEeSa ool i,
o B 9940 L TR S ko BB 67, 808

rrve sectio n e Seve

veWTé¥E“588 Q%%&&E3¥i¥%é'b§£ﬂfﬂg g%e%%gewﬁ%%¥y6 to

prevent accident. However, it is preferable to equip

the safety bar and the curbstone 43 as a precaution.
Referring to Fig. 22, the drive section 20 of
the steering system used for the steering apparatus of
the rail non-contact vehicle according to the tenth
embodiment of the present invention will be described.
Referring to Fig. 20, this embodiment realizes the
above-mentioned real time high precision route control
and the safety associated with the control. The
feature is achieved by using a fluid pressure drive
mechanism and the safety bar. In this embodiment, the
fluid pressure drive mechanism is used instead of the
drive section 20 in the seventh embodiment of Fig. 18
Which uses the screw axis. A fluid pressure supply

source (not shown) 1is used instead of the motor 59,

. and a piston rod 57' is used instead of a pair of the .

nut 57 and the ball screw 58. The pressured fluid
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25 source (not shown) is used instead of the notor 59,
.and a piston rod 57" is used instead of a pair of the
nut 57 and the ball screw 58. The pressured fluid 43
supplied to the inside of a fluid pressure cylinder 71
acts on novable end of the piston rod 57° on one side,
and_the novabl e end of the piston rod 57° on the other

suppélied fiRedlo ineidet ot o Filuddl seeeisemiss elitémder 71
is fixedly supported by the cart 5. A steering

ageEham Jtesappld eangosift itfee piessur erod BHdgaténveone side,
pressure to the operation chanber 72 of the fluid

armpd ekbegr aneyebadererrd, odr itbes phetogafeoy Bar' 6oni hhe other
right and left directions to the 10 actuator fixed

sigdet ien Bhxednd cactiuat es tiueet ¢ i r ti st diks entchani S #hich
and the second |link nechanism 14 via the safety bar

i65fiXkud y t beppattell bl tthee steerd . nmechanismis
simlar to the control of the seventh enbodinent of
Fig. 18 Ansaqerbhgt haichifeibuw nsdppdiilacth ©8iefi dde
wheels is controlled via novenent of the safety bar

prfssibe saf ehgghari ¥ pevesurer kghtth@ndpk@fdtion chamber
di rections when the positive and negative pressure

720idfi gheupplhed a-dHeuepelati opdehamper gfivtdhe fhuid

pressure cylinder 71. It would be 20 theoretlcally

s alFasisy bha 1t hat %eﬁ:ﬂ@@tséﬁ%tyl@f‘ﬁ 68 r€EELYSES to the
external force fromthe outside of the vehicle, the

LIS, L00En St nun LB oot BEL e Lin
mechanism 13 and the second link mechanism 14 via the
safety bar 65. Thus, the control of the steering
mechanism is similar to the control of the seventh
embodiment of Fig. 18 in a point that the turn
direction of the wheels is controlled via movement of
the safety bar 65. The safety bar 65 moves in right
and left directions when the positive and negative
pressure oil is supplied to the operation chamber of
the fluid pressure cylinder 71. It would be
theoretically possible that when the safety bar 65
receives external force from the outside of the
vehicle, the external force and the supply capability
of the oil pressure to the fluid pressure cylinder 71
interfere with each other. 1In this case, the steering
control of the control section 10 is inactivated and

the auxiliary mechanical control by the safety bar 65,

the first link mechanism 13, and the second link
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15

20

interfere with each other. In this case, the steering

25 control of the control section 10 is inactivated

and the auxiliary mechanical control by the safety

bar 65, the first [ink nmechanism 13, and the second

link 44 mechanism 14 is carried out with a priority.

The nonentary interference at the tine of sw tching
myehepe spohdr 4is | Gassded byuyi sdddity mmdority. The

conpressibility of fluid of the fluid pressure
neppntdery I1htgmbsreBcienstfantheart iopenovalsseitching of the

interposed in piping of the fluid pressure contro
coEladi shs opassd dny vafsstysisy tehod ooghipy ewes hbaildedy of

Due to such a buffer nmechanism this enbodi nment
fewtd o1 nthaf dtlyuidapressuseveyin mabodi nent 0fn&kg.

18. In order to strengthen 10 the buffer, air pressure
instpnéf,erabl opamn thelfkuiitht pressw e, i ANG iMAie§ bF the

preferable as the fluid concerning environment. The
flaltl pareysbBeofcdigrold mdyhbaikepl@seds,batdesarety is

piston rod 57° of Fig. 18. The ball screw 58 15 of
tHégoudhInpymbentepimead byutder pi suem rodafredf Fig.

18. The actuator novabl e section 56 and the actuator

nddixedisett 1100185 b Flinedd aE2c@iEhangeallR t ¥ Nthan the
position. The actuator novabl e section 56 nay be

sehieedht @®d Cakh 0. 0 ANGilhe agtuatgr fiixed %%ﬁééyeEGthen

20 to the safety bar 65. 45 CLAIMS
the buffer, air pressure is preferable as the fluid

pressure, and water is preferable as the fluid
concerning environment.

The ball screw 58 of Fig. 19 may be replaced
by the piston rod 57' of Fig. 18. The ball screw 58
of Fig. 21 may be replaced by the piston rod 57' of
Fig. 18. The actuator movable section 56‘and the
actuator fixed section 55 of Fig. 22 are exchangeable
in position. The actuator movable section 56 may be
fixed to the cart 5, and the actuator fixed section-55

to the safety bar 65.
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1. Arail non-contact vehicle which does not contact
with a safety rail conprising: wheels; a cart
supported by said wheels; a vehicle nain body
supported by said cart; and a steering control system
whi ch conprises a control section and a drive
section, and wherein said control section generates a
provisional target steering angle based on a current
cratmpget deviation froma running route at a current
position of said vehicle, a current actual deviation
fromsaid running route at said current position of

1. said vehig e, ndAdcRntHdte el AE twﬁ&%ﬁr u%%saqﬁi@ ntact

said current position of sald vehicle, said contro
witheeat sarfetonmrd Sescompraogtivgi:zat i on cal cul ati ng section

configured _ to optim ze said provisional target

steeriﬁﬁ1 e to a target control steering angle to

mnimze vibration of id vehi.cl ulting froma
st eeri iy Gt saP gPVERTE i%yaﬁﬁlgal gl éﬁs\/e section

”echan'aca}éﬂléléehﬁlﬁab%ﬁarsi]uepral €408 S'g'aqcf%ra% and

control steering angle non- contac

vehi ¢l @ agoeeding tomtipoIn s§stehemndiicisacdmpetses a

section conprises: 46 a first detector configured to
conggpdctsedi Bon capdert dEivial seekiian onand

wherein said control section generates a
provisional target steering angle based on a current
target deviation from a running route at a current
position of said vehicle, a current actual deviation
from said running route at said current position of said
-vehicle, and a current target Steering angle at said
current position of said vehicle,

said control section comprises:

an optimization calculating section configured
to optimize said provisional target steering angle to a
target control steering angle to minimize vibration of
said vehicle resulting from a steering of said wvehicle,
and

said drive section mechanically steers said cart

based on said target control steering angle.

2. The rail non-contact vehicle according to claim

1, wherein said control section comprises:
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a deviation holding section configured to hold said
current target deviation; a steering angle hol ding
section configured to hold said current target
steering angle; a control calculating section
configured to generate said provisional target
steering angle based on said current target

devi ation, said current actual deviation and said

currenta taf get See@dtidr anehei gaRdsald aptéAtzakien
cal cul ating section. 3. The ra|I non- cont act vehicle

curgeadr digigiab delvaimminwherein said running route is
set on a road surface, and said deviatiaon holding

sect | orf CORPLASEON NRL3LRY BECEAT CORFigutad i hold
salgegﬁyréﬁ%SFgggr%nheéfgéhéEdeV|atlon fromsaid

running ro n “a ‘non- act manner. 4. The rai

non- cory agtc¥ehhel QrRFICONEbIE1he HAi 1B, cWAHGYed to
sai d deviation holding section “conprises: a position

holdakeuldatdungrsett targertov tedr bngs aindy1 evehi cl e mai n
body, and configured to determ ne said current
posi ti ¢h @PPEHEPE Fehi 4k bingneegitaiomgcan fvaug@gd yto

of S d to _determne .said
genfiblel s T BN Bt b af gt chrFaT e BRALE SRS on
saléab@ﬂ@ﬂﬂﬁl@ar?etT@%ﬁfﬁﬁlaﬂn canlPtuVeBhEl Gctual
according to cfaim 2, wherein said running route is
devsetiom andadaddr franerent target steering angle; and

said optimization calculating section.

3. The rail non-contact vehicle according to
claim 2, wherein said running route is set on a road
surface, and said deviation holding section comprises
a second detector configured to detect said current
target deviation from said running route in a non-

contact manner.

4, The rail non-contact vehicle according to
claim 2, wherein said deviation holding section
comprises:

a position calculating section provided on said
vehicle main body, and configured to determine said
current position of said vehicle by integrating a
velocity data of said vehicle and to determine said

current target deviation based on said current
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and conprises an output section configured to output
said current position in wireless, and said contro
section conprises a receiver configured to receive
said current position fromsaid output section. 6.
The rail non-contact vehicle according to claim 5,
wherein said current target steering angle is witten
in said running route, and said receiver receives said

postanes! &t esxingvenndle fromsaid output section. 7
The rail non-contact vehicle according to claim 3,

wherein said control section further conprises: a

vel ocity detector configured to detect a velocity of |
5. said veli®I%218. NPReCPALRGTo e St aFeRitdifg t6 claim

AEEYLA 0. Log chalng, wberel 1 salg 0Li I 2aLIO | r face

i ng Secti onprrses: eeri ng-ang
andCebgiti Dk g@ﬂ%@‘tgﬁ@: SR DA EBRIFIGHITRY 1 deheplitn®aid
a current optinmal 48 steering angle at said current
curpesitt ipmsidficai tinvehirellessgndarad f ut ure opti nal
steering angle corresponding to a future position of
said\uﬁﬁ%@e083§&9¥n§%%ﬁﬂoﬁuFﬂﬂﬁrl$%ﬁg@tr@ﬁ&%ﬁ@@

congheg b | PpREREEaLe R SAIESEL OB ShSe 0 0L

outgf¥i akic@iorgnd said current actual deviation, said

6. The rail non-contact vehicle according to claim
5, wherein said current target steering angle is written
in said running route, and

said receiver receives said target steering

angle from said output section.

7. The rail non-contact vehicle according to
claim 3, wherein said control section further
comprises:

a velocity detector configured to detect a

velocity of said wvehicle.

8. The rail non-contact vehicle according to
claim 2, wherein said optimization calculating section
comprises:

a steering angle correction generating section

configuréd to determine a current optimal
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current optimal steering angle, and said future
optimal steering angle; and a correction addi ng
section configured to generates said target contro
steering angle by adding said provisional target
steering angle, and said correction steering angle.
9. The rail non-contact vehicle according to claim 8,
wherein said optimzation cal culating section further

steRaMpid Sesgla e rRitd staekend PHHE £ fsheelolsaid vehicle
configured to detect said current target steering

andargl uitere esptndialg steesang anglentcposesipandiang do a
optimal solution calculating._section_ configqured to

futydice BRHEC4aPd Odurs Behifdle daedngl &Rgie Gnprent

' pt.i.ngl . st [ al | . part
e b T AT A R L S R ee =
stedtth¢abflgyehbalsed ash sai diFtidit-d oéewllehi MRS difkrent

said optimal solution calculating section determ nes
targeitd dawriradritorpptamal satideciuny eariylaectanall sdedtiaftuitanr,e said

optimal steering angle such that the 49 vibration
curF@&Htqgﬁfmﬁ%n$gﬁ@répébﬁﬂﬁ}Qw aafldsfalt dutypse optimal

1.0 Z 0. rail non-contact vehicle according
scefy il 2130, o,

( wnerein said optimal solution calculating
secti ony COAPYEERS oh N&Yd 2hgnakbedl o orbhgvgeddd® to
deternmine said correction Steering angle fromsaid

generates sald target control steering angle by adding
said provisional target steering angle, and said

correction steering angle.

9. The rail non-contact vehicle according to claim
8, wherein said optimization calculating section further
comprises:

a current steering angle detector configured to
detect said current target steering angle corresponding
to said current position; and

an optimal solution calculating section
configured to determine said current optimal steering
angle and said future optimal steering angle from all or
a part of said current target steering angles for N times
when said vehicle ran said running route N times, and

sald optimal solution calculating section

determines said current optimal steering angle and said

future optimal steering angle such that the
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di fference between said current target deviation and
said current actual deviation and said current target
steering angle through |earning of relation of said
difference and said current target steering angle..
11. The rail non-contact vehicle according to claim
9, wherein said optimal solution calculating section
executes a program which determ nes said correction
vibghesdmaaandl € Rgsedopntaeneiice @l apret hinidldenlbe is
rail non-contact” vehicle according to claim 10,
minwmérzeidn sai d optimal solution calculating section
executes a programto determne said correction
steering angl e based on genetic algorithm 13. The
10.rai | nopsgoptagt yehicle ageording. 10 oglaiMid, o
s a

wher ei n "sai eviation nolding section conpri

claR@sid,l afh&ebeal @ iePHhOURed 6@ 148t B6h caAicth 1GH T8t
position of said vehicle. 14. The rail non-contact

secyelonc|eomerdedisng treeusdl cheitmolk when €i guweeh to
di fference, hetween sajd current, position of said,
detgehiidi® $ald ROYSURLeR sheeLidhi A9 leofiemansadi d

. r osition of .said vehicle_.in an n-_th, run qf
ai £l ARt Bl Faidl AFOAE Sa R fomtdeigh §na
sai@PtiufrZdit OAceakaulfdy Ngr $8A1 Lol Al B NMENesesd d
correction steering angle such that a sum of squares,
targath sdfeatttirody andleatbsroaghgUaarmingach eélthdon of said

..amplitudes for optional conmbinations of mand n, is
diffeRrERfrge@nd said current target steering angle..

11. The rail non-contact vehicle according to
claim 9, wherein said optimal solution calculating
section executes a program which determines said

correction steering angle based on genetic algorithm.

12. The rail non-contact vehicle according to
claim 10, wherein said optimal solution calculating
- section executes a program to determine said

correction steering angle based on genetic algorithm.
13. The rail non-contact vehicle according to
claim 2, wherein said deviation holding section
comprises a position detector configured to detect

sald current position of said vehicle.

14. The rail non-contact vehicle according to
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15. The rail non-contact vehicle according to claim
13, wherein said optim zation calculating section
deternmines said correction steering angle such that a
sum of squares, each of which indicates a square of
each of the accelerations in mtinmes running on said
running route, is mnimzed. 16. The rail non-contact
vehi cl e according to any of clainms 1 to 15, further

claGaPr | SiRfredns ¥Ry HafisvrRYHLd hyrnakd Glid aPgrrent
configured to contact a rail side fixed object, and

posittaraat noSasdidr e izeed | om asmi-tiermpaosedf betwedenrgai thg
cart and said wheels, and a displacenent portion of
roudqy i geldecimgiens rasdkdmre#fysedaha@tecet hn an n-

i.d eel s ;and said safe bar..17. The rail .
th 33 Bt Set U ehiRrie Boltn S coirarnr oLl v b Fude,
sai%mdﬁﬂﬂﬁfiéﬁﬁgﬁnEdTEﬁlé%ﬁh? %e@%ﬂoﬁ”dé&é%ﬂ&%éé“ﬁh?d
a notor or a nut connected to said ball screw. 18.
corthetrooh sbteetdmiacdnyedi sheracdosti agstuem o«f adduabes,
wherei n sai d displacenent portion is a cylinder
eacyr Qferii ¢h andigiad 9% e3sepagsurcle o2ch Opi &wn rod
onnected.to said cylinder, .19. .The rajl non-cont act
ampd RS 2E0Dr AP AN bryOT B NAHGHS 1T o180l of

minS@iGLHive section conprises

15. The rail non-contact vehicle according to
claim 13, wherein said optimization calculating

section determines said correction steering angle such
that a sum of squares, each of which indicates a sguare
of each of the accelerations in m times running on said

running route, is minimized.

16. The rail non-contact vehicle according to any
of claims 1 to 15, further comprising:
a safety bar supported by said cart and
configured to contact a rail side fixed object, and
wherein said drive section is interposed
between said cart and said wheels, and
| a displacement portion of said drive section is
mechanically connected with said wheels and said safety

._bar.

17. The rail non-contact vehicle according to claim

16, wherein said displacement portion is a ball
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a notor; a screw axis connected with an output axis of
said notor; bearings configured to support said screw
axis; a nut screwed with said screw axis; a first
support configured to support said nut; a second
support configured to support said bearings; and a

i nk mechani smconfigured to steer said wheels, and
either of said first support and said second support

scr%@in%ifltd%r?sb? b ¥@ldan s dg ﬁu@p%rotnﬁéac@@dteo %%'1‘2'1 ball
cart, and either of said first support and said

scre@cond support constitutes a novabl e side support 52
--------- --- --- -- connected with said link
mechani sm 20. The rail non-contact vehicle according

18.to claimhe 1Baiflunidiercobactsivetii A sadetyrbiang a
safe rings supported by the safety bar, and said
claggf ét@ béerelsomsicd edigpiaceaien topabtéorside a

ort aid car cted th said fixation
ey I3 Wrbiet Wik & BORAE Rt S0 F art

pistdn P T AnBBRCOMACL,YENLGHE REEOr ding to

19. The rail non-contact vehicle according to any
of claims 1 to 18, wherein said drive section
comprises:

a motor;

a screw axis connected with an output axis of
said motor;

bearings configured to support said screw axis;

a nut screwed with said screw axis;

a first support configured to support said nut;

a second support configured to support said
bearings; and

a link mechanism configured to steer said
wheels, and

either of said first support and said second
support constitutes a fixation side support fixed to
said cart, and either of said first support and said

second support constitutes a movable side support
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claim19, wherein said notor and said bearings are
supported by said safety bar. 22. The rail non-contact
vehi cl e according to claim?20 or 21, wherein said
steering apparatus further conprises: a clutch

I nterposed between said screw axis and said notor,
and connection of said clutch is released in response
to contact of said safe rings and said rail side

conhexe@Phyeeh . s33d Thek ahéchanisant act vehicle
according to claim19, wherein said nut is supported

by said link 53 nmechanism and said notor and said

bearin are . _supported by said,cart. 24. The rail ,
2O-non-co%%§cFaGéhi Qf%ﬂﬂﬁﬁ%ﬁrﬁ??bciﬁyacgpng¥ﬁ9n§QM¥%§}m

2 w@ggei ' rew axis constitutes a ball screw
19’a$ﬁ§ ) #%@B¥2F?% on-contact vehicle according to

any ofy cdarasylplsa;1&navherein said drive section

conprises: a notor; a novable body connected with an

out put sxfs pingsaistippmimred abygateey seretpy dvadedanid h

safe rings, and a link nechanisn1confiqyred {o steer

sai d ﬁﬁ%%ﬁsgafety bar is connected with said movable
side support,

said cart is connected with said fixation side

support, and

said nut is supported by the cart.

21. The rail non-contact vehicle according to
claim 19, wherein said motor and said bearings are

supported by sald safety bar.

22. The rail non-contact vehicle according to
claim 20 or 21, wherein said steering apparatus
further comprises:
| a clutch interposed between said screw axis and
said motor, and

connection of said clutch is released in

response to contact of said safe rings and said rail side

fixed object.

23. The rail non-contact wvehicle according to

claim 19, wherein said nut is supported by said link
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said Iink nechanismis connected with said safety bar
and sai d novabl e body, and said safety bar is novably
supported to said cart, and said notor is fixedly
supported by said cart. 26. The rail non-contact
vehicl e according to claim?25, wherein said output
axis of said notor is connected wth a novabl e body
via a pinion and a rack. 27. The rail non-contact

mecheltiC4:®, agaar @i iR 8By a@fd cdaiAsbtalrddds sberein
said drive section 54 conprises: a notor; a screw

suppxirsednngcsed dvicdran out put axis of said notor;
beari ngs configured to support said screw axis; a nut
screwed in said screw axis; a |ink nmechani sm

24 cONfI gufdﬁ% %%ié'tasle n—.sc%gtame?ec’ﬁ'éig %c%%recﬁ:}_/laaaq:o any

provi de rings, said sarety bar, sard”notor,

of endised dibean nos Werbixedyi guppethedbYs sabflstartutes
and said nut is connected with said |ink nmechani sm

a b28l Fwerewi bxnen- contact vehicle according to claim
21, wherein said steering unit further conprises: a
clutch interposed between said screw axis and said

25 fmotor, fﬁ@ rail non-contact vehicle according to any
of claims 1 to 18, wherein said drive section
comprises:

a motor;

a movable body connected with an output axis of
said motor;

a safety bar provided with safe rings, and

a link mechanism configured to steer said
wheels, |

said link mechanism is connected with said
safety bar and said movable body, and

sald safety bar is movably supported to said

- cart, and said motor is fixedly supported by said cart.

26. The rail non-contact vehicle according to

claim 25, wherein said output axis of said motor is

connected with a movable body via a pinion and a rack.

27. The rail non-contact vehicle according to any

of claims 1 to 18, wherein said drive section
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connection of said clutch is released in response to
a contact of said safe rings and said rail side fixed
object. 29. A nethod of steering a rail non-contact
vehicle, conprising: setting a 1-dinensiona
coordi nate data of a running route; 55 setting a
current target steering angle corresponding to said
1-di mrensi onal coordi nate data, detecting a current
con@edisalsi:on between said running route and a current
position of a vehicle main body; generating a target
controlasheering angle fromsaid current deviation
and said current target steering angle; and turni.ng

orient i DRTEY Rfdel CRNARTERAGME Ehst t¢eRput axis of
i | : i I i 0Q. I
salgﬁg&aﬁﬁppQ5Qgr5§g%akgg%${%§£eaoEBr%ug%%%f%h%%lgzg%f%w

erei'n"said-cu viration”i
axigdistance of said current position in a direction
orthogonal to said running route. 30. The steering
met hod acwotdengewed|an ns29d stuevhexziconpri si ng:
setting a future target steering corresponding to a
fut ure PostRKoReshadH: Nt GPRELINESCe; CandtegEnérdE ng

whe%rgnrgg&ion steering angle

a safety bar provided with safe rings,

said safety bar, said motor, and said bearings
are fixedly supported by said cart, and

said nut is connected with said link mechanism.

28. The rail non-contact vehicle according to
claim 21, wherein said steering unit further
comprises:

a clutch interposed between said screw axis and
said motor, and

connection of said clutch is released in
response to a contact of said safe rings and said rail

side fixed object.

29, A method of steering a rail non-contact
vehicle, comprising:
setting a l-dimensional coordinate data of a

running route;
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corresponding to the future target steering angle, and
wherein said target control steering angle is

det erm ned based on said current deviation, said
current target steering angle, and said correction
steering angle. 56 31. A steering nethod of a rai
non-contact vehicle, wherein a drive section
conprises a notor, a ball screw axis connected with

an out ikt Rxinyy o S8k e OLr g1 @t@e&myr@ﬁ%%

with the ball screw axis, a clutch interposed between
corsaspomdongand il bhl-dimensiorexl scoandlinmdtiekdata,

mechani sm connected with wheels and configured to

oper at QL eEidN Hnaof UiHee Bt PEIV It $08f bsavgenptsarid

sai d steerin thod_further conprises: . detecting a_ _.
T ot SN atp G ST E P Vet Rl 8Twid K @hr6dg main
bod?yrface side structure; and disengagi ng said clutch,

i nterposed’ therebetween in response to the contact.

57 generating a target control steering angle

from said current deviation and said current target
steering angle; and

turning orientation of wheels to an angle
position corresponding to said target control steering
angle, and

wherein said current deviation is defined as a
distance of said current position in a direction

orthogonal to said running route.

30. The steering method according to claim 29,
further comprising:

setting a future target steering corresponding
to a future position on said target route; and

generating a correction steering angle
corresponding to the future target steering angle, and

wherein said target control steering angle is
determined based on said current deviation, said
current target steering angle, and said correction

steering angle.
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31. A steering method of a rail non-contact
vehicle, wherein a drive section comprises a motor, a
ball screw axis connected with an output axis of said
motor, and a nut connected with the ball screw axis, a
clutch interposed between said motor and said ball screw
axis, and a link mechanism connected with wheels and
- configured to operate a rotation of the output axis of
said motor,

sald steering method further comprises:

detecting a contact between a part of said
vehicle with a road surface side structure; and

disengaging said clutch, intexrposed

therebetween in response to the contact.
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