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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 steerigggrppetraty on i s aut onmat 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

exhi BirteirGr 86t AP PARA 165 SR agR el RN Etokirdlc® afrnICcLE
wi de area transportation technol ogy, the new

transportati oSy SreBE @ e TRH ' SYR! Qi angRLrt 0

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 ' t.y vehi Gl & such as an
aut onobi l e and a bus igéaﬁﬁgﬁ%§}n§ §%éﬁese Pat ent Laid

Open Appl i [ P25, -,.3106 . .The_ rubber .
tire typeﬁﬁﬁn@ngéﬁgifﬁggg;%%%g$é§€§e4n%%d8m%§$%51ng
runn&g_lgirECEjon, and is_not ﬁuitable%fo a vehicle

FRPEA % rpor £ A 1°4r sEF8sed i aj:é:pa.% &CP&t Et* L3 d
Spen.apeligation fJP-PROOL10603A) it Ls requiyedite,, ¢
a steering apparatus for a rail non-contact vehicle,

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 bullét 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
iz required not to need a large-scaled rail facility.
As a vehicle, which needs no rail facilities, a rubber
tire type vehiéle 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 vehicle in an airport. As
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transportati on systemthat a running route can be

readi ly 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
operation. Securing the strength hinders desired
reduction in facilities cost. In order to abolish a
deebhanicad gui dagaiése PAhtddntsipriopasednt apyrangeian
road surface side information belt having

lgdi-meresi Dhab 60dr)dj nate idatve g ra def b Ned er LW,

Such road surface side information belt is witten

W BR sb 0P8t AL Wit @m  tTHE: ORek-akirtm glatauithc! Ugespa
1-di nensi onal coordinate 15 data set on the running

FOHH]1y Nub b § ccASey A { gk tééhﬂ@&ﬁ%%ara/ré OxhRI LAt Er a
a corresponding relationship between t

@eghW%¥6§?abe%N§Hﬂ§1@ fﬁ@ngaQQ. ogﬂéﬁ' ﬂlde rail
contr ol a such as a steering angle, a vel ty,
tQB@}é§C§|$%§C‘%ht%g E@%t5@lgt@%ﬂ§%ﬁsfggfﬂﬂ@dsafety

econe di arr out a con

%&E%ﬁg&g' 954 813 i ;@p;ﬁ@%&@&%@ﬁl gﬁﬁ@?g fil red

nent to nonen ore, conv a rap
I chang esul t ed fron1 rapid change in a
$%§%|n6n5n8 %Ffbﬁ'éiaﬁSIe Sceel eration in a 25

di rection._per di Iar to.a rail d|r cti.,on
caused, tAE: é%ﬁ 581 P T be 8Gg PV AP Heg B dg Tail,
nfort. 2 Est shnent of the technol o

SO TLR ki SRR At et PR 7 rapane Miob¥efhalde

mechani cal
in ormaéﬁon belt having l-dimensional coordinate data

on a defined route. Such road surface side
information belt is written with an operation déta.
The operation data includes a l-dimensional coordinate
data set on the running route. In 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
moment to 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.
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steering portion that nmechanically contacts a guide

rail, and precisely follows a defined run route. It 5
is inmportant not to abolish a safety rail to secure
safety; however, sinplification of the safety rail is

desired. Confort during an automated operation is
al so required. 10 Disclosure of Invention An object of

the presefitstiavBhsharerits 60 tprovisehaodicegri®g a steering

apparatus for a rail non-contact vehicle and a

sy eekmnyi sTet Bad ifrard t bRasanss fhAewhirdbm méedkinl 08y
is established of automating steering of 15 the

yebielie haybpg ike NEchanneh $h eebilng poshtarttdhat guide
contacts nechanically with a guide rail. Another

PR €6t Afd theepHexeNy EBYAMWHNal SelfA nddO¥Lde Pute. It
steering apparatus for a rail non-contact vehicle and

fsSE%?HfEbH%tB%%fE% 5Re 1SR, o1 B WCh 2228 WOLBcure
operation can be acconplished by taking a future

4 PEEGLG w¥@%&am 1ﬁ€§9fﬁé§@£5ﬁld%“%ﬁg]ségéél rall is

anot h r obj ect of resent rnvention 1s to pro

an%ag%rd 06 &Hp%gttﬁgi&jffna L3 lawgmﬁ%%%a&éﬁ}.‘%lﬁ'ﬂr? is

a steering ne or“the sane

I | can be carried out through | earning.
%?goTQeé§T£é§ “obj ect of the present invention to

provi de a steering apparatus for a rail non-contact
vehicle and a steering nmet hod for the sane, in which
I mprovenent in au c_contro Egerfq!nance can be

attai ned as well b&ﬁ PoVETe M ven

An object of the present invention is to
provide 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 wvehicle having no mechanical steering portiocn that
contacts ﬁechanically with a guide rail.

Another object of the present invention is 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) variable into a control system.

Still another object of the present invention
is 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.

Also, it is an object of the present
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5 a degree of confort. A rail non-contact vehicle

i ncl udes wheels, a vehicle main body supported by the
wheel s, and a steering control system The steering
control system includes a control section configured

to control a 10 steering of the wheels in a

non- nechani cal manner, and a drive section configured
irovereham ciad | prdriivee t hesstearing abodeawheeltsr Therail
control section includes a first detector configured

d®ndebeeta di drgrA% IaNakndceordt dat endatte Whod trA¥yWethe
route, a steering angle 15 hol ding section configured

mnaol dn2 J13f 98t istBes v 88endndl € SQELESRONEI Bg Hita-d he
1- di mensi onal coor di nat e data, a second detector

SOPELgHLed:d Ocdat 8l A EHRRRR] 5 deyibali o behpeey dient in

target route and a current position of the vehicle

Qg@ym) ngoﬂfggntrol 20 steering angle cal cul ating
sect on configure generate a control steering

angl e COfAez%Bt‘lrld'ﬂ‘&Pt-%oEfﬂ@acE% efNic &Vhﬁtc'l%é‘gdwﬁl'é%ls, a
target steering ang current ‘devi ation
' f
‘%‘ﬁ%w?@ B th A ek iRa By LB ?ﬂ%%%%%” End g
t.ar rout e the . drive §Fct|on

(ﬁ? n%au COﬂtr?g %%e%?s bas %
t I 4 He he t f
LS Yhdotietacechngn ﬁ%ﬁgtaéﬁ%teadet EePERrttLYa

etects the P osition deviation in a non- contic
SHELDY of the wheels in a non-mechanical manner, and

?%EE%§ ?%Frol system

a drive section configured to mechanically drive the
steering of the wheels. The control section includes
a first detector configured to detect l-dimensional
coordinate data of a target route, a steering angle
holding section configured to hold a target steering
angle corresponding to the l-dimensional coordinate
data, a second detector configured to detect a current
deviation between the target route and a current
position of the wvehicle 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 1is 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 turns an crientation of the wheels based

on the control steering angle.
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Al so, the rail non-contact vehicle may 5 further

i nclude a cal culating section provided on the vehicle

mai n body. The cal cul ating section cal cul ates and

hol ds a 2-di nensi onal coordi nate data by integrating

a velocity data of the vehicle main body. Al so, the

target route is set on a road 10 surface and may

i ncl ude ameatd put heeald O E0RbUAE eds ba O Pb1kN&et on a
1-di nensi onal coordinate data, and the 1-di nensiona
£690dishat €2 dat a drxd t RESHidd Bt t Qetthet d1r gk tdalest Bhe

in wreless fromthe output portion. 1In this case,

phHeikargetgsheard Ngn angl @ i prebarakly danwdlLien in
a running route. Al so, the control section may further

include @ity rdedet eI of GORLIGEL-t0 A8 £L1 cBmay

velocity of ~the vehicle main body, and the steering

P@gkﬁéynkﬁﬁhuégﬁﬁl9%89%T§@§§§ %e%%ﬁéﬁlpg%qaded on the

correspon to positio evi ati on

\‘,j&ﬁ%cﬁ% Si'ﬁf ' g%%glf ﬁf?%ggalﬁfl%lghﬁéj tsyett:tA‘!Ltcﬁg ctahleculates

ro sec u I'mzation
I
Eﬁﬁfﬁoﬁtd¥8ef§"tdl%er?39 é%QLe%%%gdl%"az%é“s Rt G anc

solutlon i

Vi B dPed st B ﬁ%fﬂﬁéﬁd?ﬁecrast% th ofPhE @i LR ePod -
S ALzo. go som (gl secliop mmy fur{fer ynclyde o,
éﬁ%%gg%n%ﬁhfﬂg%r%ﬁ%f&&gn%ﬁﬂgﬂEp%%wggggggbh%gﬁkfgured
to output the l-dimensional coordinate data, and the
l-dimensional coordinate data is transmitted to the
first detector in wireless from the output portion.

In this case, the target steering angle is preferably
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 generates a control data corresponding to the
position deviation, the desired steering angle, and
the velocity.

Also, the control section may further include
an coptimization calculating section configured to
optimize the control steering angle to an optimal
solution, and the optimal solution 1s determined to

minimize vibration resulting from the steering of the

vehicle.
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future position on the target route, and to generate a

5 correction steering angle corresponding to the

current deviation, the target steering angle, and the
future steering angle. The control steering angle

cal cul ating section generates the control steering

angl e corresponding to the current deviation, the 10

target stearddg anel eoriEoihe &of 1686t R SteLEhBG include
angle. In this case, the control section may further

adnskude i sesand detepteb G | gyhedd1oy det eeh ftihPured to
current steering angle to the current position when

é@@e%ﬂﬂﬂéeac§ﬁ@d¥éryﬁe@r&ﬂ&‘£H6ﬂg ddertapdeldildy to a

route, and an optimal solution calculating section

ﬁ@@ﬁ&%“rp%’siiei@%t &Jm Il?eat%Lirgfgf]t r%f@lhtﬂt Bl har9¢f generate a

steering angl'e fromall "or a part o e current

%%f%icr%%cﬁﬁ‘gls%%efﬁrn%'e%iégﬁ% c@fg%@?d@&iﬁ&' oS %}re Gurrent

culating section m nes urrent “opti

#Qﬁggkfﬁﬁmrkﬂ% g%%&%ﬁug@t%%#n&!Qﬁﬁﬂ@ﬁ.gﬁgwiﬂggfuture

romthe steérin e ve e’1s nimze

i mal Luti I [ i b ncl ud
e R ET R R eonf gttt £ Cdot et R ke the 10t Poct i on

|l e. lL.nstead, the .opti

t ' . | | [ 2 .
 Chf RS s SR ey SRR SS AL RO FB IS TF AR

the. correction steering angl e based on geneti g
LI GOFi (it T BSRPEE I e Bptrital C SBE 68 lorf SR BGEAA gt P e
section preferably executes a programto determ.ne the

Tr 98&t ISP ST LB A i BhYt e 2B R Bn C@eret F L aPg Sri ¢ 9

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 optimai solution calculating section
cqnfigured 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
calculating section may execute a program to defermine
the correction steering angle based on genetic

algorithm.
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Al so, the control section may further include 5 an
optim zation cal cul ating section configured to
optim ze a control data, and the optim zation

cal cul ating section mnimzes vibration resulting from
the steering of the vehicle. In this case, when m and
n take an optional one of a plurality of conbinations

10 of m amd g%, arHeVioait iaha bekwaant foposiatlican &t ithke
vehicle main body at an mth run and an n-th run on

ddertiangelr EOHEQ ISy eXRERRYRL ag R AWMt Hdegelernine the
optim zation cal culating section determ nes the

COF Feeit 104l Sk ekt @Nghg 1L £ Bat o spuEeief dheotPthm.
anplitudes is mnimzed. "Also, when mand n take an

optional aneof anpl Wealdfy1 0k LAl Rakhons: of t Mednd nelude

n, an acceleration of the vehicle main body between

ey Sggndi_ré‘%%% the 2550y OQeFlE?L.otI?rQSB fﬁ%#lg%éisto

expr e optim zation calcul"ating secti

gt epiies, Lhe oigecilog steeri paangle; sugh.dhal

quar €s of the ‘accel erati dns are mni t he
| -.cont act_.v.ehi . h [ d

b PR R0" BRE L e TR oL LS A NI BB b rrom
t.o th t d fi d to 25 t il sid
1508 60 ot Tho 019 vECBBETion 18 FROE: jbet: bEtvger® 2nd
the cart and the eels, and a displacenent portion .,
fbft%ﬁs @1 vaP 500N 987 Mechdi BARYY ChnRéc Lo Rt RAT LoD S
t he whee] d the safet bar. In thi , th
% <l ABEhEM BOREORF T Mh® &F " AR 25 U BE PPerd bytae

not or _.or a nut_ connected to the
vehicle main body at an m-th run and an n-th run on

the target route is expressed as an amplitude. The
optimization calculating section determines the
correction steering angle such that a square of the
amplitudes is minimized. Alsco, when m and n take an
optional one of a plurality of combinations of m and
n, an acceleration of the wvehicle main body between
the m-th run and the n-th run on the target route is
expressed. The optimization calculating section
determines the correction steering angle such that
squares c¢f the acceleraticns 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 rall side fixed object. The drive section
is interposed between the cart and the wheels, and a

displacement portion of the drive section 1is
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ball screw. Al so, the displacenent portion may be a 5
cylinder driven with a fluid pressure source or a

piston rod connected to the cylinder. Also, in a

second aspect of the present invention, a rai

non-contact vehicle includes wheels, a cart supported

by the wheels, and a steering 10 apparatus. The

fmbelimigc ApPgr alditn éAekddesi ©h Meher wee 6l @W@EXtBe safety
connected with an output axis of the notor, bearings

senrf.i guhed:-A Ds supReY,t the SGrHN aXbhent %rt%&le\&@éiy be a
Wth the screw axis, a first support configured to

BHDROTdC 58 AW ah SBFORM 1Pl b15% Gonfi gULRdPed to the
support the bearings, and a |link nechani sm configured

bg13tesird e waegls. iﬁ‘léh@ﬁs‘ﬁlaé@ﬁe‘h‘tr%O§Hﬁgﬁrtmﬁ‘dbe a

the second support constituteés a fixation sid

éﬁ@@%&ef'éfgv%%tﬁ%&ﬁaétffﬁydegE@§sﬁ¥e 5he £S$r a

support and the second support constitutes a

-ﬁg!%l&' e fé&iecgﬁ%%%ﬁe&o%%ecg}?g %"ktﬂ e ink

chani sm He e rail non-c vehi cl e may
byt he saPaite bat™ The SaTery DA TE Eoniuts daL SEeh 55
REeMEZ onf s e S URRBr o miRe Fra e T Shsaoida Bpeels:
LURpEH cptsS the L Lty RBarop LS, BRe of cBrPag L0

further jnclude a clutch i tergosed

%@B%&gﬁﬁ%ﬁml%?gws%ﬁ%;%ﬂg apparatus 1nclud a motor, a

screw axls connected with an output axis of the 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 constitutes a

fixation side support fixed to the cart, and either of

the first support and the second support constitutes a

movable side support connected with the link
mechanism.

Here, the rail non-contact vehicle may
further include a safety bar, and safe rings supported
by the safety bar. The safety bar is connected with
the movable =side support, the cart is connected with

the fixation side support, and the nut is supported by

the cart. Also, the motor and the bearings are
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the notor, and connection of the clutch is released in
5 response to contact of the safe rings and the rai
side fixed object. Also, the nut is supported by the
link mechanism and the notor and the bearings are
supported by the cart. Also, the screw axis 10
constitutes a ball screw axis. In a third aspect of
shppprasent biyneerd i 9af @y . non-contact vehicle

i ncl udes wheels, a cart supported by the wheels, and
a steerin@glwy t. thbe stsd €L hgy amedt Aeuisneldflesud ther
notor, a novabl e body 15 connected with an output axis

0f ¢ @ 4D OF 1 1@ AT Bk Ve rBRSs U ONEHGE M t PhEake FéWOSxis and
and a link mechanism configured to steer the wheels.

dhe HO%J.”ECQE@' B4 Se cEANECS £dLWiet - e pafiat )ﬁ:@?éased in

and the novabl e body, and the safety bar is novably

SYppaLted 1%8 LR Akt 520 yand & %?em}tﬁ{ Lsahixadly rai1

supported by the cart. Here, e outp axis of the

gP&ger§MEQ ggﬁﬂgcted with a novable body via a

pr nion an 1n a fourth aspect of the present

et onay ! AbbeT LN ACLEN ELE LAFUES) o

wheel s, a car suppor €l*s, "and

ste r|n unit st ee uni t ncludes a nDto
Tefhan %s Chhteds FEEPRD A phE HEE s g e
not or |ng confl red ort the screw

P80 Lo PR P A At nerderin iR sonh; RS
mechani confl d to _steer the mheels, and a
%%@@?)J/tbg %r@v%@éﬁl w the8afe t¥ngs. The safety

In &2 third aspect of the present invention, a
rail non-contact vehicle includes wheels, a cart
supported by the wheels, and a steering unit. The
steering machine includes 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 is
connected with the safety bar and the movable body,
and the safety bar is movably supported to the cart,
and the motor is 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.

In a fourth aspect of the present invention,
a rail non=-contact vehicle includes wheels, a cart
supported by the wheels, and a steering unit. The
steering unit includes a motor, a screw axis connected

with an output axis of the motor, bearings configured
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bar, the notor, and the bearings are fixedly supported

5 by the cart, and the nut is connected with the |ink
mechani sm Al so, the steering unit nmay further include

a clutch interposed between the screw axis and the

notor, and connection of the clutch is released in 10
response to a contact of the safe rings and the rai

56 deufdpas obhectsc AL §0axiis a 41 htk aspesteal ithethe screw
present invention, a nethod of steering a rai

aeDscont acinkVekic £ni bf W EVedrBy sedtb88eef he wheels,
1-di nensional 15 coordinate data of a target route; by

Seht bng LBy bangelrSteakid gy 28! 8 .6 respeRrRdi NGHO safety
the 1- dinensional coordinate data X ; by détecting a

ngfe%%ecﬁWt@EkmEﬁ@t@ﬁ%ﬂﬁ%ﬁ%lﬁ@gaéf@ufgée@¥¥E%upported

current position of a vehicle nmain body;

e current eviation an e target steering

gbghjgﬁg by turning orientation of wheels to an
angl'e position corresponding to the control steering
angle. Th curr Vi ati s .defined ISt
of the ZSE&ﬂQ%nEH%o%%ﬁégéﬁﬁ gﬁﬁfé@??o#ﬁ%?%%goégy¥hde a
t he .target rouje. so; the steering_ nethod be
L0 EBed " #ShormA s 48R s P ERRL R A o nd ¥nd
steering correspondi n t future pgsition gn the, .
B 56t PO oS ORAF Byt OBefdr dil h AULGT kP i bff LEERT #nd "
E@ égnggwggpgn%g%%act of the safe rings and the rail

ltggnt‘éh%t ing-8 20 contyol ttee_{jé, [‘%oﬁﬁ%‘&&&%%@@”ﬁﬂé‘gl ink

side fixed object.

Also, in a fifth aspect of the present
invention, a method of steering a rail non-contact
vehicle, is achieved by setting of a l-dimensional
éoordinate data of a target route; by setting of a
target steering angle corresponding to the 1-
dimensional coordinate data X,; by detecting a current
deviation between the target routes and a current
position of a vehicle main body; by generating a
control steering angle corresponding to the current
deviation and the target steering angle; and by
turning orientation of wheels to an angle position
corresponding to the control steering angle. The
current deviation is defined as a distance of the
current position in a direction orthogonal to the
target route.

Also, the steering method may be achieved by

10
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to the future steering angle. The control steering
angle is determ ned based on the current deviation,
the target steering angle, and the correction steering
angle. Also, a sixth aspect of the present invention
relates to a steering nethod of a rail non-contact 10
vehi cl e, which conprise a drive section may include a

MEOherd Atk ise eW BXtEreoNeeled Wide AMngUIIr 8&XpbSnding
of the nmotor, and a nut connected with the ball screw

BXi &, ratal HECRoigNter PRSed hetyeen fae btk cand ddeyy
ball screw axis, and a |ink nechani'sm connected with

c%%réélﬁ%t l's and-configured 4o, H%raalr?gf‘ere()@%éo)%?éding

out put axis of the notor. The steering net

@&hkﬁ%e%@&’%g@t %Ctté.dépi ﬁ‘gC%@fgalCé . be’f‘ﬂ%e%o%tpz%i %g:yetélei ng

vehicle wth a road surface 'side structure; and
41520030 9oL 09,8 § N L UL REpedLLhengbelugen dy 20 on,
response to e contact. ThHe steéering apparatus for a

I - con t _vehicle.and th eeri ng_net hod .
gkﬁ%rggg%aecgo%g%ﬁg:%%g ?Hglﬁr’esaé%g i%gi\?en??]gﬁe(:tlon steering
§§tfblishes a technique of autonmatic operation of a
ne%r?ransportation system 25 and dramatically

i nproves oth controql performance,, . and thereby. ,

r gpnar kabl {S'/‘Hlosr?ﬁr ove§ 15%&%8?%%6813: c,ooﬁf bRE. PTARCREedPVifpition
appar at us nmechani smusing the ball screw 11 axis

EIREES ddite SRS SoNERdAfbeRinPsha hgnon-contact

dramatically, i nproves snooth control performance.,
hif EesdﬂFbFPOWQﬁPT}§ﬁAﬁg@rlve section may include a

motor, a ball screw axis connected with an output axis
of the motor, and a nut connected with the ball screw

axis, a clutch interposed between the motor and the

- ball screw axis, and a link mechanism connected with

the wheels and configured to operate a rotation of the
output axis of the motor. The steering method is
achieved by detecting a contact between a part of the
vehicle with a rocad surface side structure; and by
disengaging the clutch interposed therebetween in
response to the contact.

The steering apparatus for a rail non-contact
vehicle and the steering method thereof according to
the present invention establishes a technigue of
automatic operation of a new transportation system,
and dramatically improves smooth conitrol performance,
and thereby remarkably improves a degree of comfort.

The steering apparatus mechanism using the ball screw

11
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- showing a

5 Fig. 1 is a diagramshow ng a steering apparatus of
a rail non-contact vehicle according to a first
enbodi ment of the present invention; Fig. 2 shows a
side sectional viewof Fig. 1; Fig. 3 is a plan view
showi ng a drive section 10 in the steering apparatus
of the rail non-contact vehicle according to the first
gapedir®Nicef thet presmpl imvest ko Md@iafilsh,a and
bl ock di agram showing a control section and the drive
$eshben d theishpaivoy LhRPPRrabut 1f1 therkdidmance.
non-contact vehicle according to 20 the first

enbodi ment of the present invention; Fig. 5is a
circuit block diagram show ng the control section

according to tBe iUl Yo eubodiuma gk plhes pggent

invention; Fig I's a plan view show ng a sTeering

anmeacon%rgjlfm ;oethogd g%gm SH&M 8'@1§%§$%1n€

showi ng oth steerlng e contro |ng nmet

Sopharamlanyi g %Fhﬁsns% WGk NG 35 éigeg'(%w@ghs to a

I ng ne pl'an view furt

Fam view ¢ ng- anot he eerlng angl e
controlll%q_netyoshoﬁgg 11.i,s a g}

0
a side se

r
6n $g§wlof Fig. 1;

Efeukng ey 3t doring eﬂgogarceogéae' g, et bod: 12
3

Fig. 3 is a plan view showing a drive section
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 the 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 is a plan view showing other steering
angle 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 controiling method:
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devi ation detecting nethod in the steering apparatus
5 of the rail non-contact vehicle according to a
second enbodi nent of the present invention; Fig. 12
is a sectional view showing a nodification of the
devi ati on detecting nethod shown in Fig. 11, 10 Fig.
13 is a sectional view show ng the deviation

det ecti ng mej hodoi A <t he Slaar ivigewppabatitsy Shother
rail non-contact vehicle according to a third

stbediimit aaflthe-presentl inyenticemd Fig. 14 is a
sectional view showing a 15 nodification of the

devi ati on rdet eci i ng smef hodckn drhel $teer idih RPAAT at us
position of the rail non-contact vehicle according to

%Q%i%@f&heHEQ@dﬁﬁﬁgoﬁe@Hbdpiﬁs@Nei@ﬂ@@%ﬁ%ﬁ $HhBaratus

5 is a sectional view show ng the 20 devi ati on

gft ;Eg;g r&gap?t hed, 1 4 bg o3t agdil fgl%p%%Pain%OZ&c%i Msecond

rail non-contact vehicle according to ourth

SN TR ¢ O £t %eofﬁéggteﬂﬂ“éfﬂ{rieg'%?id:ﬂg- 16 is a
g e

sectional view show the vi ation detecting nethod

in the st %‘?’Lrgil.ggl appar %t ug%fzﬁgo?lgasi ;b??ﬁ{]sﬁé‘ﬁl %i la

non- cont act hi cl € accor enbodi"nent

f .t t o ti LLFg. A7 | [
Bhaiitagd Roohr oo T3 s BBIGHEL AT e SeTebt g Mapar e ghovs
oSi t.i on ﬁL the rail non-contact vehicle according to
gns?%@h embbdi ment of the present invention;

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

Fig. 14 is a sectional view showing a
modification ¢f the deviation 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 wvehicle according to
a fourth embodiment of the present invention;

Fig. 16 is 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




10

15

20

25

Fig. 18 is a sectional view showing the drive 5
section in rail non-contact vehicle according to a
sevent h enbodi nent of the present invention; Fig. 19
is a sectional view showing a nodification of the
drive section in the rail non- contact vehicle
according to the seventh enbodi nent of 10 the present

sBa¥eRbionin Fige %Qéér@n%e%tpwﬁbt\dlse\@@i@%&@l td¥® the rail
drive section in the rail non-contact vehicle

REEOERING € vah &l Oht hoeaheti BNt o0fy thexPhesBodiment of
invention; Fig. 21 is a sectional view show ng the

QﬁéVggég%§€CEh%%ﬂﬂhéﬂe rail non-contact vehicle
i

acco ng to a ninth enbodi nent of the present

| nventiong;and £ 94 522 | 9.8 381N o} SUSPUENG Hd Curive

drive SeCtI on In the ral non-contact vehicle

Q&E%E%‘”%J{O Eﬁe ! tgo (%%H§QL ghfi ?Egﬁ%ﬁﬂ{ to a

T RV eATT on. nve tron
Hereinafte ste r n ar.at us

Horc RS e&beéﬁrﬂan ji % %pr%%%ﬁtfn.tniief% thrion

descri bed |n dgﬁg < Jr1regeren e to the attached 25
dr awi ngs. i & a(ﬂ%@? ﬁP&? %bthgQﬁ%%?lng
appar.at of th on-cont ac ehi.cl e ccord t
LR A £m eRfod e Lo7 & M BF SUENEL nvRft ot 1 mo8
Referrin yide line 1 is proyvjded . on

F
%%%Fe&tegf%%ﬂﬁ% aeorfgngert hothe, maveet by epteanent of

the present invention;

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;

Fig. 21 is a sectional view showing the drive
section in the rail non-contact wvehicle 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 wvehicle 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 wvehicle 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
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The dedicated rail plane 2 is forned linearly or 5
curvedly. The guide line 1 is shown in Fig. 1 such

that it projects fromthe rail plane 2. However, the
guide line 1 may be forned to be enbedded in the rai

pl ane 2. The vehicle 3 is provided with a vehicle

mai n body 4 and a cart 5. The cart 5 is supported by

dRet e dedi eabed iehtpbanare Jhe swelt ci gveriti hody 4

is supported on the rail plane 2 by the cart 5 in such

Re FBAREM G hab tHhey vehi che il de body A Canst pridFi&8hYon a
around a perpendlcular axis or an axis nornmal to the

dahk cRirane. rIhe gardns Qsﬂﬂwﬁ%gﬁﬁémér&M@QeE%ﬁ%réﬁce
The steering systemis provided with a control

ﬁﬁ&twgaﬂéééédaﬂEEEHEQQ%@‘§N1§t%%@ﬂEhSX§h%ery or

sectl on drive section 20 as a nechani cal
L4 t t
g0k AT sy The LS LB TS 70 e

S b LRI A AL %ﬁaébe:;e:%h'aﬂ. e o
F
é %act t?hé §4| %geé?lon b%né? daz o e rail

Fon 2Y SO8N ac u
nism 13 second Li

first link d
Ean g e Tehlans nd or S utie PR QattERne melficie
b d bl t d d 16
o0 By L andl PVERrE RO Al 2R % Ol Rlnkaded by
to the cart 5.. The _ first link mechanism 13 is

h8vAGsd G4 tRda AT StPLRRE 47 aRav§ | PRk M ody 4

The base side of the first
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 wheels 6.

The steering system is provided with a
control section 10 as a non-mechanical steering system
gsection, and a drive section 20 as a mechanical
steering system section. The steering system 1is 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

unmoevable part, and a piston rod 16 as a movable part.
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link 17 is rotatably supported by the cart 5 by a 5
first pin 19. Free end of the first link 17 is
rotatably connected with the operation end of the
piston rod 16 by a second pin 21. The second |ink
mechanism 14 is provided with a first |ever 22
rotatably supported by the cart 5 a lever |link 23, 10

PNE a-3econdr! Bvem 24080t atsabl y suRROT ted bYet Ry €@rE.,  The
5. The free end of the second link 18 is rotatably

e£ppaected, k o8 BNk Rf 18he  ixsbvlienel @2tnThe ©ofhet 1ink
end of the first lever 22 is rotatably connected to

ﬁeaﬁ@]diag{(s%gsn'de\aeirnki %.23ThTJ1%QgBersiea@ 9F tt'?x?e 1@:'érst

ever I's rotatably connected to one end of th

e e R A Rt e

ctuator maln ston ro

0 rd . angdg,bac rd jn.a_Li Iy, ner._Jhe - fi.rst
ﬁ%g@lgnfg ?g’ro?\g{%eed %Igdaﬁéfulrkglr y%?‘%&l glclen]lln% e
the. lin placenment of t

accordance with ' j
FEERTERIN, ShbBsrma v aen, R ReTR of: ehl o THE"
first link [ 13, ¢t d link hani 14
RhaFaPed o0 ThE Pirdt TEGBPDLP b g sddbhd FRRRS Liik
mechani. 14 is 25 { at in, ith

TSERSMIE 1R ale A She ol ko o WAL S -

| i near _noving operation of the second link 18. 16 Q‘ _
%%Fuﬁélakﬂiihes‘gPPSrﬁﬁd?tbistﬁlﬁss‘éérichﬁougﬁw LeK&eTwHelt € 637
of the both sides of the cart, and the wheels 6 are

3108 aBalfISF QRPpOEVEEF by4t ke taadp 135 siuprprted by the cart

5. The free end of the second link 18 1is 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 link 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
the linear displacement of the piston rod 16. In
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,

16




10

15

20

25

pl ane parallel to the dedicated rail plane 2. The 5
shaft 25 is supported by the cart 5. The first |ever
22, the second link nechanism 14, the second | ever 24,
and the axle 25 forma 4-coupling |ink nmechani smof a
paral | el ogram Therefore, the parallelogramis
transfornmed in accordance with the conposite novenent

10 of thensecanleti Nknld,cand e Pt anes paséscahrough
pl anes) at the both ends orthogonal to the rotation

exbSwire Of st heowhasale bpbenr yAded be thee axhe 35 dwdbene
paral l el each other. Fig. 4 shows a relation between

ﬁﬁ@e@@“d(%re1§o%%%é@ﬂyl%dﬂﬁbf@@ddﬁﬁm%ﬁgcgwgf@025 in a
The control section 107is provided wi'th the guide

g1 881 AN By o8t e@; |19 Ca%.tdrdioéa§§8t QN /. nThg steer iSﬂQe

control”  section is provided wth a control unit 8,

%bakrtaré%“iéi Qgpgﬁjft@d B &éefiﬁk\éi g gﬁﬁel%ir@@ lever

control uni tranSmts a dafa acqui i on conmmand
Fanens o b oPEaRaEh ' 14 sroopd dsusr 24
Snir o6 thetgats Rt draor DBt R gsi R g 0t 2
RATA T dEq BT STion SOETRT ORoS G B9 Al AR A8 doer
a5 ToBRL Lok Ay, 2L 02 RVel, SRR AL Bt

when the supplied power 27-2 is used. The guide line 1
9% BP¢ drerfoldddtibhs and the planes Tvertical

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 cbntrol
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 1s provided with a control unit 8, a
transﬁitting unit 9, and a receiving unit 11. The
control unit 8 transmits a data acquisiticon command
signal 26 to the transmitting unit 2. The
transmitting unit 9 sends a data acguisition operation
signal 27 in response to the data acquisition command
signal 26. The data acguisition operation signal 27
includes a data transmiiting request signal 27-1. The
data acquisition operation signal 27 may include power

27-2 to be supplied. A ground side power supply which
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between a start point and a termnal point in a same

5 interval, and has a sequence of position data Xi for
the sections. The sequence of position data Xi
expresses the sequence of the 1-dinensional curved
coordi nates. Wien the guide line 1 is a circular

guide line, the coordinate of the termnal point is 10

éﬂgPQIl@sﬁ pOwkhe tepofbngtia & L haestiarts pAbkt nddekSary
preferred that the interval is no nore than one cm

Jﬁ@nlﬂﬂéﬁgﬁpgm@edlﬁaﬁ@rC%ﬁIbn@Eedééé strictly
defi ned on di nensi onal absol ute coordi nate system

The sequengge Q;fuui@ qq%léil Tensi onal) i GURY 8 GP05dichalAss
15 X of the guide line is a sequence of line

.EQEW@%' oy §£S¥5‘cm1:§>ﬂnt fﬂgPt‘a'tQEml‘i’H‘?thQn@ SENL same

1-] “corresponds to the I mensi onal position

EPERENELS CEEME T TaB e B MR LR 1, o

@&5 o respo%iez?h% edaafld RSB R e%%‘é'sf“f .
9?!5527da% xjs,e%“ﬁe"ﬁ' %AEgek‘c”%%e et Brga ey ved

and the t V|at| R* and t.ransfers tq

%C’Fﬂén@dﬂﬁ i gFtl t8cti vé€ that e -2

linp rnatlo elenent 1- has ap. operati ontro
Gt Gesdit o B05. CRabAdrans Sbebha & SUbLaRdadio nE 15
Iue and a 18 di nensi_onal deflned veIOC|ty val ue

Jc ?PE%S@&d%‘@ F8e tIRPpesPAtch @ht abg stert point. It is

3-dimensional rail curvature
preferred that the interval is no more than one cm.

The l-dimensional curved coordinate X is strictly
defined on a 3-dimensional absclute coordinate system.
The sequence of the one-~dimensional curved coordinates
X of the guide line 1 is a sequence 0of line formation
elements 1-j. Each line formation element 1-j
corresponds to the l-dimensional position coordinate
(position data) Xy. The line formation element 1-7
sends the position data X;, a target steering angle

0* (X;), and a target rail deviation AR* in response to
the data transmitting reguest 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-
i has an operation control data such as a 3-

dimensional absolute coordinate value and a 3-
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and a 3-di nensional accel eration can be cal cul at ed
fromthe 3-di nensional absolute coordinate and the 3 5
di mensi onal defined velocity. In order to omt

cal cul ation, however, it is effective to provide a

‘table (the position data X j, the target steering

angle, the target rail deviation, the target velocity,
dheeharigatia acaelmnad d ofe 1he E%l {IanmreV&Eélfﬁbsp%iﬁ@l Ag to
10 table nay be provided for the |ine formation

€h 8MBRYs ilr 1 on Ok OV ded A 05 - he G SRk 1URA1 B. cMb&Rture
the “table is provided for the |ine formation el enent

anll: a Be3iRbhLe 1'&1&9”5%%61%%%Bohh%&@fﬂét Shieaii Reed
angle, the target rail deviation, the target

YELACIEY. ihﬁli'n%ntsa{%ﬁéla%‘b% I@Eéo%’o@fq Eg%eraalﬂd the 3-

curvature corresponding to t e el enent

con%%ﬁtdnvae% gmﬁf{'@dig%té’?% éf’.%’%"éhgfedf PRe 0 et
Lgik gs;q A 0Ny e Lar get el opkLy. he &%fg)aroc ide a

1 on e fal| curvature are s
F

| h
oBBLr e (a=Sreut ng oo aroﬂ*g' e St in

ste r|n control sectio carries .
G C 3T P e TSN < RAE - L‘fc*b%rﬁﬁﬁg&ee velocity,
stem Tine coordinate is efi ned _based on an

1}n/%e?:ﬁ‘élqeci? o%ECF&&r%Ebmy cBaL1dodHr Rat& TS Such a

defi ned based on a 3-dinensional 19:coordi nate.

%Fier@ﬁ&%ﬁ%epéﬁﬂkﬂ%ﬂp?@§5e&Qﬁt%lnf $Qﬁﬂ%Féﬁ£ element

curved coordi nate gysten1|s set within
1-j, or provided for the control unit 8. When the

table is provided for the line formation element 1-7,
the table is contained with the target steering angle,
the target rail deviation, the target wvelocity, 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
X5 .
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 c¢lock {not shown}. Space

coordinate is defined based on a 3-dimensional
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t he 3-di nensi onal coordi nate system The steering

control section 7 is provided 5 with the control unit

8, arail deviation neasuring unit 33, and a steering
angl e detector 34. The control unit 8 is provided

with a rail deviation setting unit 36, a subtraction

unit 37, a steering angle prediction correction
€ootrdln£te 38, TRemaidl I10r 6@RtHe d €r c3kvePNd 2pReRG ] with
steering angle calculation section 35, and a
Tofh eGt PoRddi Raitkkd 3dorkhensael daviahi 98 sRitiWgthin
unit 36 sets the target rail deviation AR* (X,)

feeeived fbrough dihecohearind g Yhiste &l from the gui de
line 1. The target 15 rail deviation 4R* is set as an

i deal val 4, Orsfabgehq Vabne bR (edthien t"/heltﬁ’oﬁ'rb'ﬂrhed
data X,. The target rail deviation AR*(X1l) is not

R PRY § 1AET Qon TS 1t A1 9EE sra'ai 9&‘_{'13@&&&816%1%&&%‘11?@:1@;

set 'to zero on a straight line rail. However, It

bgeal 5N aaﬁﬁé" %Qé%ﬁi% ugffetﬁ% ﬁa&%ghgqg:sﬁ{@m

a straldh ved ra

?8?%&' uQﬂL %o%C%slﬁfgbgh J &P@hVIHfﬂfﬁlaéV¥§¥ﬁon

6 Consi dérati on casé e vehi cl'e Tuns on
t | | t t ' t th t d |
?ﬁg%taawe% Pnts iRl Q%Jngﬁav(%”t 9%2?’ fetPing
di st ance en such an .i.deal ra qg g g |de
179 elpwiﬁmfﬁgngu?%rﬁ G chBte e bomed F Thain
SRR s T O s B ngned o SO LG stha e, 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
receliving unit 11 from the guide line 1. The target
rail deviation AR* is set as an ideal wvalue or target
value AR* (X;) for the position data X;. The target
rail deviation AR*(X;) is not always zero. The target
rail deviation AR* (X;) can be set to zero on a

straight line rail. However, it is ideal in a rail

region which the rail changes from a straight line

‘rall 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 set as a 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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The receiving unit 11 is arranged as a detector which
detects the position data Xi in a 5 reference point of
the vehicle 3. It is preferred for such reference
point to be set on rotation axis of the vehicle main
body 4 with respect to the cart. The receiving unit
11 receives the target steering angle 8*(Xj) which is

{ax@@lw lde@iun@@mrhibsngwme kineid 6o houbput vtaolue of
the steering angle cal culatlon sectlon 35. The rail

geypation nmeasuring unit 33 is arranged in the
reference point, and neasures a current rai

devi ation 4R} 'Pe%@%v‘i‘ FCLheR nof I”?E LQ 4 @&” dg Id ne

(a direction orthogonal”to the ra

&é‘%%%tt‘%h? fadiys od:%*{&‘}tc' 50 o Ajlgregg?tciad‘f?r 2 X ipa

pre erred as a ra devi ation asuri ng Unl

LR R T BT g@%freaf]':ed for

dev ation asuring uni Feal ates 4
tical f dt
R R 2800, Y, ot wne
L AR d
Ehiciia aie bpsPade S THa s RTBeRE thovhar cat tber The
| dto th bt t f 37. Th t
%%Egé'vglé}%gvaﬁsilulde{%@ﬁé%gesun%haugmﬁq§ ¢ of ERlsrms angle
of the pistaon rod 16 to the actuator mai n body 15 of
ThéXatt @&tﬂ& hidsadixedhyerief lé}eéérFﬁgtéh?gl%uedfxl)ll?% 1 to

real -tinme. The current 21 steering angbg 'S
Sutput the t hBestsd@t hgnangingd L pr eait &ty té@Pr&ﬁ@%hon 35.

controller 38. o . . .
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
deviaticon 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 8(X;) in real-time. The current
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The subtraction unit 37 is interposed between the
rail deviation setting unit 36 and the steering 5
angl e cal cul ation section 35. The target rai
deviation nR*(Xj) is supplied to the subtraction unit
37 together with the current rail deviation AR(X,)
The subtraction unit 37 carries out the follow ng

sakeuliald oangnd defe[)m hesoaxtgant rob raid sleveatiman angle
10 4R (X) . OR =6R*-AR The control rail deviation

FRed(iX% { Joh Scoud ¢ €donas o f eedback T®Ntrol signal to
the steering angle calculation section 35 and the

steering ang esdStRERA LEhORANGA reet i an iGad F pbkeld IBetween
The steering angle cal culation section 35 sets the

taegels St egelAg tangh eseting f oh ltthej @0§hal Qhe dat@e¥ling
received by the receiving unit 11. h the target

sheerd %ﬁ@ghs&*&m Qsecttrl%rgaﬁﬁ fi %ﬁ%‘ e ehlped 20 in

the guide Tine 1 1s supplied through the receiving

ﬁb’vtla]t]l&r? ABe %?er'§gs§P%|l%§c?| eyl %&O%éﬁﬁé%f’& unit
wever, the target steerfhg angle e~

t-h |
oo Cothony e, e 0 O, (3 st ntlng o,
f?nt%% §¥ §% gﬁnﬁ Ee§7a ?f¥£élo%%t % @oll%vﬁﬁg

€ering ang I $“8btal hed
LRSEIANT Lt s S BLLGN T O i e Lo 22,
EﬁQY&§59nal control steering angle O (X]) is supplied
ART=AR*-AR

The control rail deviation AR' (X;) 1s supplied
as a feedback control signal to the steering angle
calculation section 35 and the steering angle
prediction correction controller 38.

The steering angle calculation section 35
sets the target steering angle ©*(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 8* (X;) may be

defined as a table (X @* (X;}) in the steering andle

3
calculation section 35. Thereafter, the main
controller 31 determines a provisional control

steering angle 0" (X;) which is obtained by weighting

the control rail deviation AR' (X;} and the target
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to the correction adding unit 32. The correction
adding unit 32 receives the 5 provisional contro

‘steering angle 0 (X,) fromthe steering angle

cal cul ation section 35, receives a correction
steering angle LO* (X,) fromthe steering angle
predi ction correction controller 38, and adds the

speeedtiPrasyeer g angl ewithOa (Xajeto@fthe 40 1. The
provi sional control steering angle G (X 15 Thus, a

pAbgels iGN 1 Ok ositees 1 ngtard en §" abYle iS' gRNEr aketupplied
The target control steering angle 8" (Xj) is output

to the @ctHateriodk? 9hqtheg vahi€l g23. In this way, a
rudder is controlled. The steering angle prediction

correcti ofn Lo ERLlGr 38 £888NESuh 18 SONIFOkehidlds the
deviation AR outputted fromthe subtraction unit 37.

%gsvats%fﬂ g cg@ﬂ{%g? Pr ediehi A CORLAE I @N (G0Nt EQldErine

recei ves an ds the curfent “steering angle

.%]éie):iﬁgﬁggegé:égguggtitoq?réggtg%% & get ?cétccgi\?’és a

e Co enerates an I ndex from the current
A AL LR A o e s
FEG o b g o angre T xS RS e e e 8 aaas
BB erramyaFyhaa e ot 107 BUCELS R duGst | ankl Fes
ﬁgéhigfﬁ%é oghg%¥§ng%%égf§%-§ggle 6'(Xy). Thus, a
target control steering angle 6" (X,) 1s generated. The
target control steering angle 6" (X;) is output to the
actuator 12 of the vehicle 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 ©(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,
and holds the index as an operation history steering
angle 8 (X;, [N]). The best operation in the numerous

operation records is experientially determined based

on questionnaires collected from passengers, real
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riding experience of specialists, and real operation

of an expert (although the steering unit for an

operat or does not exist, the operator can generate a
steering angle signal froma termnal input unit). 5

The steering angle prediction correction controller

38 has an optimal target steering angle e**(X1l). The
optimal dapget csicerd Agsargliea BT 5EY),) agdpresdesoeration
suitable steering angle in each position of the guide
bEnanl.exiher ef qra. t Hdhegst eard ngt aegligt dOuphedifcid oan
correction controller 38 has the current optiml
s8egat ot e@bbBY Y| €x85H( X ohé Ooble Lt eBln RASKELARe a
X of the vehicle, and a future optimal target

St eeriing anghe 8 Si(gda M promen themiahi ol enRAVanges) .
fromthe current position X to a future 15 position (X
+AX ) by Afle JbEeAXhd Saf81 2%k dUREHIAN cOFrbR8 1on
variable j of the current position X j, and may be
S6heDAIAL P38 HUAN onT Bl GUYVALULG O LREQUHP angle

In that case, n a change rate 1 n the

Tt Ve bost Fron (g 1 ) TEoehbr T D e #xs)
Labpgke A o0 e She ShANge Lot g gh d NeL VA WG s ¢ on

arge, I'S 'set "sma st eering an
B PhE B GRehii, Dngl Lo RBRT By SEIGHI T HE LR Z9Te
P800 Pitg Shor B8R T GRB iie! ERELE oRtPrmia o GBE Rt
OSIg‘EJe_lrniaq_g taap J;fgte*s*t(exelgiA%( avgé{]et B§ *r(%gﬁ otfo 3tfqg ]é'ur2r4ent
position X; of the vehicle, and a future optimal

target steering angle 6** (X;+AX;) when the vehicle

advances from the current position X; to a future

position (Xy+AX,) by AX;. The AX; 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. 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. Also, when the change rate of the curvature
is large, the AX; is set smaller. The steering angle
prediction correction contreoller 38 calculates a
correction steering angle A6* (X;) by weighting the
control rail deviation AR', the current optimal target
steering angle 8**(X;), and the future optimal target

steering angle ©** (X;+AX,;) with the rate of 3 to 1.
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The cal cul ated correction steering angle 80*(X,) is
supplied to the adding unit 32. The optinal target
steering angle G** (X,) may be determ ned based upon

the operation history steering angle O (X~ [N ) . It

is 5 preferable to determ ne the optimal target

steering angle 0** (Xj) in such a way that the

Yhbr ald 1M1 hesd tdder Eeemost eet BE 10fg tirgyehinde(by is
mnimzed. Alternately, a table regarding the current
PAsbHlIAN Xto ikhPravaded andi¢ heoopt i 4@E9RBL target
steering angle 10 0**(Xj) may be searched fromthe
%@QE%iﬁ@eQnélé“ﬁiwt¥¥)Sﬁﬁﬁg%ér@ét§@%Mﬁe&SbQ%@ﬂ(Eﬁon

or the “vehicles 3, e velocity V of the vehicle may
PRe LOREFYEUHT @{E@télszo‘“s'tté’ef]fﬁlao&ng@@ g-di mepsgihonalrt ;g

coordinate position of “the vehiclFe is cal cul ated 15

%g&@%%%fée%atd £hihRe M8 osﬂhttximff gg@%bfﬁeering

ove, the rail deviation settinhg unit

FAETet STh ER S SnaeSTr 76, S0 PP s oG

devi a arget” st'eering angle

TRECya LS - 5O (STREEnG o (BB MR a"BY bipRezea.

b fputted aft tti L t I th i L
AeBRGUPbLed LSl Sel sl B VA LI S T80 on
vehicle 3 t . it fooXj+l- 1 h
2sBE OFHATSr §BE ral? 9B ddVi bt FoR TARS (XFFLP Brith Fhe
%Qi et steering angle G éX’-,) tha% re prior to the

ur? %n vehP ﬁ%

&nt PGSt thonSEF e vERPY &by & endht Hag be

used. 25 . ,
velocity sensor (nct shoewn) 1is 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 vehicle is calculated
th;ough 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;) and

the target steering angle ©6*(X;) that correspond to

"the current position of the wvehicle 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 a
position of X;,;. In such a case, the target rail
deviation AR* (X;.,) and the target steering angle ©O*

(Xj_.,} that are prior to the current position ¢f the

vehicle by one element may be used.

95




10

15

20

25

The steering angle prediction correction controller
38 carries out an optinmal control calculation to
deternmine the optinmal correction steering angle nO**
(XI') The optimal control 5 calculation is possible by
a learning calculation, or a dynam c equation

cal culation, or by a conbination of these two

calcul ati amss fscthereainyne gatedl atiom cotrestion
preferred to use a neural network calculation or a

@enetriod. 1ad gop st hmrcad €8l @titonan Obpa iGRMEt £6ntQ ol
al gorithm cal cul ation in which the neural network

&ak euwhald 0hni $ol REOFPLhahed. tJheopeunal] nebweidction
cal culation and the genetic algorithmcalculation are

£08ERNA Ny k@ﬂg\@eaﬁe& cakcpl at TH% e gyecAs- L he

dynani ¢ equati on cal cul ati on, i's preferred to use

d21E08 2 N FUMSS QAL S ¥k U%ycaéCglaatfn%ﬁcgu@hhaeﬂeh, or

navi gation) wth respect toaccel eration” anon

§abisphich aharticlt passaoe, cagd) dake gt%o%ﬁsmn of

cs of 't nam ¢ eduatlo

g%gggyﬁwgﬂcgggﬁqlgﬁéﬁs Thi§4éﬂ ?%quaé g@ﬂfﬁ%lon,

kKnown as an rout e scovery
{Br o PP ke el silat L “aeﬁgﬁoaﬁgrtgzgw%;m or
AP abT ot VBE R e 4T B B Tt s eretdor
oG s Ander 2 capstrabal, 26 sondition, Lo,
calculation is incorporated. The neural network
calculation and the genetic algorithm calculaticon are
commonly known as a calculation technigue. 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 equation 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 8*(X;), and the future optimal steerihg
angle ©** (X +AX,) are inputted to the input side of the

neural network as a learning data under a constraint
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t hreshol d val ues. Al so, the correction steering angle
A9* (X,) corresponding to those data is inputted to
the output side of the neural network as a teacher
data. 5 When AXE i s supposed to be set to "1", the
current optimal target steering angle 9**(X ) and the
future optiml target steering angle e**(X +AXj) are

SXRHESSeMh BS AnGWH ephe@Rt idl ot akgets $4 BEENG IMWI Betting
9**(X,) and a future optinmal target steering angle

hreE¥nbra 10anaspect invely, Each of - pades Hf geﬁe&%@l angle

netmork.has .coeff|C|ents kl, k2,.k3 and k4. T e
Ef efdi i ent. 1 Ss, gBRSNAY 'ﬁ/oagﬁ%@é i o0+ 9f icoor dhatRXito the

e néural network is” a technique to determne the
&‘i’gfah'tc'sei“&efofagr?é‘ ﬁﬁﬂ%ﬁe rfé%‘&f;'rﬁ%” 0! %t LA MLD Hata.
and”y known i n 15 si nul'taneous nultivariable Iinear

ti =f * Ei, &bl
RN bThalt et PR oot Aed Baryf o ndt Fonsf CLRE =Rt
data_an

| ear ni d.the .t h d - this,ti

S EhBagn GeaEhert) STEALS. A hor PostPhda AR oliley future

t he. opti nal lLuti f th ffigci b

SPGB LA o o e P BRI 9 DEpremsed
conbi nat i , d th traint dit]g

$En8. FeHu SEnD B b bnd ‘Slor SCBF kbl BhaHTort b)) 2nd
the | east sumof second powers of anplitudes). Jn

AnfYtHEE WheA™E O FBR&I SI5°ebhPFoll %t F gevi%ﬁjimhf

AR, the current _optimal steering angle 9**(X ), and
EHSPEGTUree byt i nBRChstekriAgeandte bRe(rrpS@) Aedwork has

gi ven, the corresponding 27 correction steering angle
qgﬁf@xng%me@lmﬂ%ﬁutgé and k4. The coefficient 1s

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
feacher data. At this time, although the coefficient
are not settled uniquely, the optimal sclution 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 6** (X,), and the future optimal

steering angle 6** (X,+AX,] are given, the corresponding
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For exanple, the constraint condition is to express a
di stance devi ati on between the vehicle body positions
in the identical position in the mth 5 operation and
the n-th operation (mand n are not equal) as an
anplitude W, and to take a plurality of different
sets of values as mand n. Thus, mnimzing square of
dberamplidudescies iofd eghipue Mb6Qx. fheagonsd ratibutted.
condition is to express accel erations of 10 the
vehi cl e bedy idkihgiic.denti sakopesitd At RIMEi bR is to
operation and the n-th operation as Am and to take a
Pkyrakist ¥a 0f i dithiIENle 965 1An VBEEGR A5 Fha@Nddhicle body
Thus, mnimzing square of the anplitudes is _
GOLoELINE dn LR OMARLAL AL A 0sERE AP £8 Q4R 2
I g accuracy and 1n a high velocity, various
- t tic ' net i
YFsbatint R SHE A B R SR, T fElE e not
iy t (A _i h in [ t ontral i L -
egéé%it) i Aﬁé\’ a{m}é%ﬁ'&& e axg{i ¢l the, oy éﬁé;nfzi?‘iehty of

viation currert optimal steerin g
(Y t he fut ti | st [ O** . . . _.
D tekept dnbe e ot Bs oy L 88K A5 anbrEsiopipgyiaing
I 1 abl | ocal |
§F8B5R 1 e adon A %A Lot BEP6T Aty ipt BT Feal 151

sopyeLass L atd the oplLml, 28 S0l ob LS 3D, oo

function is set for, the optimzation. The estinati

$R@cVREA G 58 sPRAVarl 1 ot BecdtE D L ERE BPHrbbr R 1D fe m-th

network. A variable factor, of which the
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 techniques as a dgenetic algorithm and
others can be applied. The genetic algorithm (GA) is
a method in which the control rail deviation AR', the

current optimal steering angle 9**(X,), the future

" optimal steering angle ©**(X,+AX;), and the correction

steering angle A9* (X;) are selected as unknown
variables locally and globally in a random, and a
solution asymptotically converges toward the optimal
sclution 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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estimation function value is |ow but is not determ ned
to be not selected, is selected. Wen the variable
factor, of which valuation function value is high, but
5 anot her optinmal solution exists, the valuation
function is not selected. The optinmal calculation is
repeatedly carried out while delicately exchangi ng

HBRY aMard &Pl8% 1 AUGTORBL + €aBYQl W 0Ro0f, &OepRike the
program (GP) can be carried out by hlerarchlcally 10

@gaélﬂﬂazt%ﬁefhwel@ﬁ (S1equat Oﬁ]o%x@flﬁﬁsignn‘eftsl-d@aarmlned

and by evolving an operator (tree structure of

Q“B‘e' atfxgé?tge iy, ""h%h%‘étl%,e%[i' Ct:wfhgsﬁotﬁ&okf%tﬂl%le

the val ue of one variable mil t mensi on of

$8t‘6ar“ acpkeﬁglyker%?{lggvto'}? Pﬁh'c%‘lzcﬁ{'é’ﬁl‘afe. ]zgs high, but

eerirg ang contro ances permanent
resp gct. to i.de e run ir
A e IR o S GO L élra%ﬁnoi% as
solutlon for t.he m ation, ha a
BaRGrtian  5 ke e f%ﬁ%egnd e | SRR ARl A B 15
ti al .ue nver s y.nani ¢
LP e et TRt ar D aphl i T SSghier iéf §§C§ang1ng
sol uti on of ;he dynam c eguatlo 5 haV|n the rai
RIBY iVt Pk Sas” A WARAbNT VRIUEUELRD tf s2c 488 H
prOX|n1ty to coordinate Xi received from the quide
PrAErEn s pBY nittfed asCarddsidi pafe 2y biesgraigically

vehicle 3 on the rail. Such constraint condition 1is
%ﬁgéﬁ%%?athﬁn¢M%ﬁﬁ}%ﬁ dﬁt%ﬁﬁ%ﬁ&&ﬂa%ﬁm¥8§ﬁﬁﬂ9 Of LISP)

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 soluticn for the
dynamic equation having 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. In
this case, a proximity to coordinate X, received from

the guide line 1 is permitted as a coordinate X, of
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acceleration, or mnimzation of a sumof the second
powers of accel eration deviations, and the shortest 5
time to reach a destination. The constraint condition
as mnimzation of acceleration gives a priority to a
degree of confort and mathematically defines velocity
and/ or accel eration. The acceleration solved in rea

i1 geylhriqugh Bnver s&, dypaniics andihhgovweltacd ixtakddition
10 time correspond to a ratio of 2 to 1 in a steering

20958 v ethes $0LULI:eN Al Suh kP Nt hill S PR rBRY L of the
supplied to the output side of the above- nenti oned

DEUE 8l B IOE K @%‘%@%1ﬁ%%@¥1 Qf TheyeR FCtidD second

steering angl & oé* tal ne 15 thus 1's outputted

ﬂc?w%!:.l% %er§ Ele‘i%raadéngl H%IX/IlagtleBromatIg(g ﬂilgerélrﬂgrtest

e predlc I'ON correc controlle
orrecti g cuI S
éﬁ%atﬁon%%gggxg &gﬂ{ %%tlo ?%% f%%%%ﬁ%ﬁRW'g%ndltlon
controlled at the current,

|
_ap%sﬁn{?ﬁﬁﬁﬂmalznd. R ORAE " Foht G Bl AT RY o @

t d t ht | I
%%:3% aiaw%%ﬁﬂfﬁa“”ai? PR dhefecel K ﬁri?'fege;er%eloclty
1) Contlnuou i deal runnln st at e §4R =0 1 N
Prrmﬁ% eL@n t hel RBr AEET DRT 25184 i H ‘éﬁa eln rea

Bl s e o e G B €00

circular rail where the curvature radius R is
tlonst ML PFRBPIFLY F BRASWS the #dé& I ubhi Agsteering

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 AB* (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.

0" (X5} = 6'(X,;) + AD* (X;)
When the vehicle 3 is ideally controlled at the
current position (the 4-dimensional current position)

at the current time and runs on a straight line rail,

the provisional control steering angle 9'(X;) is zero.

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

steering angle A6* (X;) is zero in principle, and 6" (X;)
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state on a straight line rail where the curvature 5
radius Rideally infinite. (2) Mnentary ideal running
state (4R #0) Fig. 8 shows a curvature changi ng poi nt
P where the rail changes froma straight line rail to
a 10 constant curvature rail (curvature radius = R).
In the 4-di nensional navigation, there is no case that

1 hgragt yatigr Jenbpghant Iy ghapges Ayt €gEi NG AND! Bunning
fromzero to a defined steering angle 0' at the point

%aé\eproergeg ermi.ned St eeLing AWle Oh LU ELFRONI N EQius R

the constant curvature rail 1s set in the steering

A09L.6 ncal oy at iﬂﬂs%‘?‘:tﬂ‘fg. gg; s}l&f%c. nd Cﬂ?@alt?‘%enning

correction steering ang IS zero at

%g%glte %n ?%dskg%icgq‘m rf}tn%t ﬁiea[riopgvs\r?%qlee %éxchxixéaotldre

t'0 the provi'sional "co eering angle

%%%yf)ﬁén%i?%ﬁﬁ%!jﬂb@}nﬁ@g correction steering angle

y i nct eaSes Thereafter, becomes naxi mum
at the mddl e point between the point P and a point Q
snoot hly decreases after passing through the mddle

ﬁ&]nﬁ{ and becones zero at .the %gl nt 3&%57&&3)

MaBER BRI 1.6t t BUENCITY 0L BF AR A AL shown i

Fig. 9, when the vehicle runs out 31 of the rail, .the
control sté&riny SRGHE P (KUF VaId TheCPBRAA Y oRqr it F
control steering angle 9° (X) are not , coi ncident wth
koot . Tas Ls KON RS FEF. O™, a whsk a et chamge Taté to 2
of a rail curvature does not change ,

constant curvature rail (curvature radius = R). In
the 4-dimensional navigation, there is no case that
the actuator 12 instantly changes a steering angle
from zero to a defined steering angle 8' at the point
P. A predetermined steering angle 0* corresponding to
the constant curvature rail is set in the steering
angle calculation section 35. 1In such a case, the
correction steering angle A8* (X;) is zero at the
point P, and the control steering angle 8" (X,) is
egual to the provisional control steering angle

6' (Xy). 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 0O,

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 wvehicle runs out
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5 greatly in the near future, and particularly when

the rail is a straight line rail, 9 approaches 9*

snoot hly through feedback control. Wen the straight

l'ine rail continues |ong enough, the steering angle

change per unit clock depends |less on rail deviation

10 4R, or may be proportional. The vehicle gradually
&Ppraachesi 10 the S:td@’lcQBtl Idthee £ Bhly BGlgBLOBY N8 and the

solid line display rail a but along the dotted line

PESPhiay g1 Bon'heM theceontipl ahgil devial) 0aréRnot

I's zero, the steering angle change per unit clock is

ééiﬁ@&ﬁg%i}vfgﬁ”égchTB%Hgf¥”lﬂ& angle changeqbers, when

unit clo urther corresponds to the differencCe

DL weRn  dde SHEN gt st PELANG 20k eu3KHo 800A e change

curreéent target steering angle 9
ti b ti * )., =.9"

PEELETY A VonfPhe PRARYS Mg BR AT G lpEyTuien the
J%%li % The above Lt dnk2, aqg ké,agq k4 gghge 0%

Stritfed vet bAtdrd the&odfriti eht s SSIP T He“Aodes i n
25 t I k. .(4) Non-i I [ te .2
Bt 1P B s h A SRl Y R S Bt
curvat ur, changes greatly in future _as shown i.n Fig. 1
LBnet ke L o YAt apd ChangBl tHe B ur VAU raf Fesh Aheanole
near future instead of the best rail b as shown Fi

Y3RILe®@F forhar F19CE. Fepdi Tt £8SanP T eBB devfation

advance, and the , _
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 ©(X;) and the current
defined target steering angle 6* (X;), or particularly

may be proportional.

£O* (X;.1)
= 8" (X5.1) — 8(Xy),
= -kl x AR' + k2 x (8" (X,) - 8' (X))

The above k1 and k2, and k3 and k4 to be
describéd 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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correction steering angle AO* (X) is outputted from
the steering angle prediction correction controller 38
to the correction adding unit 32 for the vehicle to
snoot hly approximate the future curvilinear rail. 10
oe* (X;+1) e" (X)) - e (X) _ - kI x AR +k2x ( e™"
(X1)-8"(X1)) +4e* (X1) 4e* = k3 x 9* (X
+ LX) +1kd 90 AR A deatigatdetactionimihogature
according to the 15 second enbodi ment of the present
dinygRbisony e bt 1desial | peduwict by & efghemce 4 orkiyd. 1dd, the
Referring to Fig. 11, a non-contacting type guide
d@tbathds cREAYAed: i pateadiofcfhe qui derl tRe hddr future
the control section 10 of the second enbodi ment of

S Rvent 1.on. uj its4l oS ;
Mgt_@g% ek ﬁﬂg b'?—::sief' }BQEL IF%ZQ gﬁgﬂr{: $idl S is feq

provi ded wt rail ottom 4 stone 43, and a

' f nt ¢ al i de. I4l : : t
Pebfagh ool gidectall sif elhe Mhoshsafedh e ene

| .qui d i.l.s 44 t . . '

SR} BB B Ao RE S eyl A et S SR 2rom
e DT TR R SRS St R Oy AT 0
C ds t [ f 33 the t itt] i,t. 9
EQITRRRAMS L8, 8 RAIT4 01533 e LAangml g Wi 1 o
SEnebh 3L aeo 5 S T ahbra hH T Gn CRU Ot hEoFod 1T
position focusing |aser. The 5 position detecting
sehsor (A51detects the relative

8" (X;) - 8" (X,)

I

- k1 x AR'" + k2 x (0"(X;) - €'(Xy)) + AB*(Xy)
AB* = 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
Fig. 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
bottom 42, a curbstone 43, and a palir 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 wvehicle 3, position detecting
sensors 45 are fixedly arranged respectively. A

position detecting sensor 45 corresponds to a pair of
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| ocati on between the |line edge 46 of the central guide

rail 44 and the vehicle nmain body 4. Wen the vehicle

3 is in a normal position, the position detecting

sensor 45 generates an image in which the |line edge 46

10 is coincident with the central line of the CCD

canera. The position detecting sensor 45 detects a

108i tiram siglevt ahigomurAlx a9 andi stlancechetiwengt it 11 as
central line of the CCD canera and the |ine edge 46.
Jhecpesidd abotievi atren Asis isuppléedctd idiessheer s is
angl e 15 cal cul ation section 35 and the steering angle
Pregdhclicdnt £ot 1 aet itofp 60Bh@ldersv8nofad he camt kalmera and
unit 8 as the above-nmentioned AM As shown in Fig.

a2, abRerROSi &1 @B Qet asbEng i9ANSPscAR MRy besakrangedk
fixedly to the side wall of the vehicle main body 4.

P01 Bibh i CRse ithe PORLLIOM Hef g6kt SERsOk ARt ive
detects the distance or the distance deviation

) a n urftace hg ¢sSi I ;
%g%%@ﬁ%n bé@&%%3§Q%u§n%Eﬂ% Mglhge d%EMﬁEfqﬁﬁffﬁl guide

¢cle maln the 1 nher surface o

_ %%{Psg%nearﬁ%'stﬁ‘e Q}'Jﬁfégecﬁlaﬁ Q%%‘Qeeﬁln a it esetpvalHenicle

and t he position deviation may be supplied to

he steerin ngl e. c lati et a t
L r8ar RS e e Bl PRl A TP on SR g
the control 34 u

HBOAEmEn | SPRPER ) T) B Tas R ALY Bheod ine sdge 46
$eLS8L o0 ATELNGY A0COLdl D010 LU0 G BRI Ohera.
f%gigbs%%iéged%%gééfﬂgd%%%gépg4%e%%¥eéési%tggéition
deviation AD as a distance between the central line of
the CCD camera and the line edge 46. The position
deviation AD 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 Fig.
12, the position detecting sensor 45 may be arranged
fixedly 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 c¢ontroller 38 of the control
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enbodi nent of the present invention is fixedly
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 (D. The distance L between
intersection 48 of the optical axis 47 and the road
S fage 2% agdolhe ireferenee ol ndmpbdiheevehicle 3 is
constant. As shown in Fig. 14, when the CCD canera is

used as tﬁ%ﬂ%%%fhﬁnt@aﬁ%ﬁ'nQBSmEE% daw ithei vh diB t\Wetion
15 between rail t signs 51 drawn or enbedded on the

ﬂ@@ﬁﬁﬁwgé@grﬁl S &dathesyifiace Lapdeiaried 8% &ne

at a relati've location defined for the di stance

ﬂér gg%thr?g‘??g?eren%fﬂsb:eh‘giéjéét:%%%‘%iqde‘ﬁé‘fé%ﬂq\éf hto

vveen ce poin set on the |rrage and

Sed & € posi eV|a |on L
t d t. Ref
e&%h'g?ét%%%%%:? gt%:h%wenp%Fﬁg r;dccr:]o?gl ng %‘our

mbodi ment_of _th 25, t,
SEEERFBEN. = Rek bt 1P F oS SEg S LE0 Tt 0 gulf%%e?. 58 Gthes of

I | _belt 51 the f t nbodi
Gt REreEeng | nbencittn ©35 AT b dnde %Sp'e%ﬁn
a reference width Wis set on the_imge b
ahers i THhesFRFP b1 SRGRTSE bR oREE Py CHEIGRF 2 ot

canera and the reference inmage 52 are super%gaosed to

o edeée ikt eeddigmreren? - ki ?%H@ SH st pRaGed i €&t h

W, W2 and WO. In this case, the
intersection 48 of the optlcal 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 1is

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 1is
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 relation is nmet W= W + WO + W The
deviation LWis processed simlarly to the position
devi ation LD shown in the second enbodi nent, 10 such
that the absolute value of deviation LW (= W-W)
becones small. Referring to Fig. 16, the deviation
detection nethod according to the fifth enbodi nent of
A hee fpresernd ineert ioh wikh ke defericmerk WReéfietr ithgl soset
15 Fig. 16, safe guide rings 53 are added to the
omehtike irda @& ble Hlig.CER icandweati f rheemzadi nerfl tofsign 51
the present invention. The safe guide ring 53 is
1 @k kaedip OBy ekhkercsp deadke theanai rhleodye béremee image 52
vehicle 3 or the cart 5. Arotation shaft 54 of the
sk esayde RPokkery 83 psobBalcH | €hrke tdief pppesitnkinds of
surface of the curbstone 43 on either side. The safe
b de s o P3widees wiof fontacd wbe cunbsiione 43sel,N the
this case, the construction cost of the safe guide
féfgogﬁxﬂfileQQ%§n1nPé gertact the curbstone 43 is
significantly lower 25 conpared with the construction
cqpt-ofj 1t he wel L-fgnown guide rail for guide rails.
There 1's no noise generated between the curbstone 43
AY HE SALLoUhge 36 £LBBL A SHAMPLRL €8 Ithe

y t

generated in the bo e vehicle. It 1s preferred
to.add a rotati fregue det ectar. ( 0 :
iip Sh ot et L pltd i Shp vt T o b e o e Mlfna iment

éhcﬁmt§§¥”g£8 %ﬁ%éi@Qed%Eiue of deviation AW (= W2-W1)

‘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 vehicle
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 rotation 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. In 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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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 nmeasuring unit in a kinetic
system As already described in the first enbodi nent,
thegabsol ui£ pesitiire daba MY Henaeauid@dihr emd heody of
guige line 1 (ubiquitous sensor). Referring to Fig.

dfe theHiye section 20 of 15 a four-guide-ring type
bogi e according to the sixth enbodi nent of the

present ipyentd on Wikl hegdeschikeds rRekearirdigrtequency
Fig. 17, tour guide rings 101 in contact wth a guide

t lef t
Satkcact Sumer el LU ol op ety et ot

%Eg!ﬁ sarngEB%orv\trl'?ge t 6bOt I?x n9358]EL| It‘ij‘E p§Q§fttlo%§ data

and rear parallel isonetric 102 are

U T D Phglip Al e core

rsectin y connec
UBporPe b &ﬁ'&”ciifaeéd' o 0t L8 {(D%Srla%%?%Xo% data

type bo d t h f t th

TR g&éﬁsg‘r’ S rafaiPd TSOMEiR ¢ I1TR T65 Gpyde ine
37 th k. 103 d, d t uat [

STphe 108 oo orpvss, and. R G oo
type bogie is applied to the second .enbodi

d2ERnigde R FRE TR ghYdE MAYSBEGTE tYhe |§Dsﬁ|1<l§etlc

adopt ed, but the guide rin 101 re arran
system. As alregdy desc%ibed {n t% éﬂrs %odlment

‘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 link 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 paralliel isometric link 102, and
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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
enbodi nent of the present invention will be described.
Referring to Fig. 18, the present enbodi nent realizes
e abake-1nENt hered dwal eti, M rid ghh pr ecitsi®norodt®e is
control and the safety associated with the control. 15

clhen éeabklr 6vi Shaehiceveda by s ng ehdal bhecrywiandud de-ring
safety bar, and adding a safe clutch. The drive

S5Bsti BB gaQe | s PaYIdedd W bh tthe saebuat amd@dikkart, the
first link mechanism 13, and the second I|ink

HEChARLS® e AR cadtat ofufiipeed: Seat b%@ﬁé) 5§pfe| xedl ytill

supported by the cart 5 is equivalent to

a?%@%gl =fentd ppednactyat 9 ﬁ'n%sboﬁyllﬂr?e '%{kré‘ﬁtg'é@f O'n such a

e section 56 which noves forward and backward

iﬁ%tpﬁa%mfﬁggdag'x%%§egé @Bﬁ%ﬁ weHH Veh et 4 PEne

ve-nenti on iston rod 16. A nut 57 1s fixed to
e actuat or flxed section 55. A baII screw 58
screwed in the nut 57 is rotatably supported by

bear | ngs 82521 81, Lo are Tixed to §he. 38 ActUatar 20 of

novable sé serv ho

d th bl 56.
e TRES S cFua e el idt eV 'e%”rln%pﬁi32> 280l of
AP SUE 205 8 oL he seLomiat, £ 88 B L eonch

embodiment of the present invention will be described.
Referring to Fig. 18, the present embodiment realizés
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 suﬁported 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 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
safety bar 65, safe rings 66 are rotatably 10
attached. One end of the first Iink nechanism 13 is
rotatably supported by the cart 5, and the other end

Sfchhedd medvhbnle mechanbamsls, | s ssppeices: by the is
safety bar 65 rotatably to the cart 5. The servonotor

P« £8A&} eSrihgcabome dRemantd onedrt algeintenkidtion 56.
steering angle 0"(X ) and rotates to a rotation

ﬂ?é' bhen £Or £ RPN NIsEe & 8 t 85 Jeb it ERY vangl £.
he ball screw 58 rotates to a corresponding rotation

?ﬁﬁ%? #nd,meves, o achinealy i POgit iPA the servomotor
Cor n

esponding to the rotation position in 20 response

§9 the cgg&g% naﬁf%@tn&% o3lq 8 t@l%t%gﬁt he\éb § 63.

section [ near] y es together W t
fﬁéel”eiﬁnShsep'ia‘:?étﬁ{gﬁﬁaif}nri% ST Eear 2 i 5y e
e T AR IRoGTaRT SAFLP S T Pof R LS At d T b T
%%Skﬁ‘é%e G g & N YT 68 Loty bf o8t dbr ‘%‘Sts&hsngqoth
FHGe O 'OHF | AB LA gD A |3f”isfé’¥88§el3f‘%é nBp pre Fofatanly

contact with the safe guide (the curbstone 43 in Flg13 is

atigrheghen QM2 8BA: the| fdevdtat + bR ke Shaid STh
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-
ment&oned target control steering angle 06" (X;) 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 reaction from the nut 57. The
actuator movable section 56 that linearly moves
together with the ball screw 58 displaces the first
link 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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abnormal Iy | arge val ue because there is a gust or the
contact with another vehicle in an airport so that the
vehi cl e cones off the guide line 1, the safe rings 66
of the vehicle 3 on the right and |left sides contact
10 the curbstone 43. In such a case, the inpelling
force of the vehicle in the above-nenti oned automatic
@@@léokwigx;mfluenced wth the reaction received from
the curbstone 43. For this reason, the contro

posi tion f;Aiheybal hosel£W 88nand I hepaekualopPsthieosafe

.15 becone different, and the difference between them

bsngdetrrted byl he gervanet ofe fl. sGones atkenn@ft in
interference nmay be detected by pressure sensors

a [ 6 h ko tt sdes. riqg.
HARERRS APoRCkng, PEgPR AN [Eehbob BcbRE, 1955 7o
11 erTRheRCEnl NBOYRIN &1 Bp 35 1URR P63 M AR: B3 pbRINGan
g y

ul ded he sate rings on the right and left

%§g§§ma%¥y;f5ﬁgém%§fﬁgcB%é%ﬁ?é ?#@§E|¥s“@egqﬁfaor the

; a |Pg a e drlvg source o e vehicle
. i ne., . I ,
ShE 5T LR, AP LB oL FEL LS U R the

npodi t, th f the .ball 58, ak I
TERDoNS0 RGP acy i Oher SHid Sat S5 dan BRCpRoTS 15 98° ©°
d_at the ti f_abnormaljties, .Th .bst
a5 has AT Ao T (Hot FBR to SlippdRe: dht buPdé he-ontact
hicle, but onl ts the vehicle f hort,
DR G T SO (e SORPr &GP P déic: SRR force

detected and the vehicle stops. For .this reason, the
of the vehilcle in the azbove-mentioned automatic

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 1is
detected by the servomotor 61. Generation of
interference may be detected by pressure Senscrs
attached to safe rings 66 on the right and left sides.
When the clutch 64 is disengaged upon detection of
interference, the wvehicle 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 1is 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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cur bstone 43 needs al nost no needs for strength,
therefore the construction cost are nmade remarkably
cheap. Fig. 19 shows a nodification of the seventh 10
enbodi nrent shown in Fig. 18. The actuator novabl e
section 56 is changed into an actuator fixed section
56'. The actuator fixed section 561 is fixed to the

sactired e ode TAns sBvabinostgpantiets o The curbstone
actuator fixed section 56' by the ball screw 58. The

43 ReariiMso 80, nldiecseE¥rRt Ofo 59uﬁtp1&ﬁ:@0élﬂlii QG i6%e the
the output axis 63, and the clutch 64 are arranged in

$oei cad uatQr HinXefd $epbben H6dn puslerisc B Mebar |y d$ort
the  one shown in the seventh enbodiment. As in the

BOPY8Y '@Hiﬂ@e%hﬁmdtﬂén%oﬂ{‘ﬁo@m}a&eﬁdié’(}l%ftltci}? AR' is

first 20 link nmechanism 13 is rotatably supported by

é@@ @Td %&da@%éﬂvgﬁfgﬁgn%ﬂ%pghe %'?“ﬁ#i@kreason, the

ani sm rotata y supported by the safety bar

gérbA% ?g ?% e sa qbQEyt%bgﬁ% %SstE@%qth,

di splfacenen ar 6 e veh

5. agnaral eonLr o, @ge AN 50Dt agls fhgccuhstopgy,y

Fs transhrt te V|a
chani sm 13 and the second |ink nechanlsn114, the 41
"6 is steered corresponding to the curbstone 43,

and the c utch |nstantl sen
oot ronter 5e Shen 'S ot SR RERT o ey epanth
e?rﬁ%g E.E\F’Sln‘ggg ggrgf 2]8]; OIFEIJ. . ]188' . S Tﬁgfeerarcltr{gait_gr F %vazb

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 link

mechanism 13 and the second link mechanism 14, the
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the steering systemused for the steering apparatus of

the rail non-contact vehicle according to the eighth
enbodi ment of the present invention will be described.
Referring to Fig. 20, this enbodi nent uses a rack and

10 pinion pair. instead of the above-nentioned bal

screw and nut pair. This enbodi nent shows | ess

WREEQr rANCE swelh dBsPeet elspdhe@ifeard nghaceuwrdytone 43,
however, excels in reduction of the cost of the drive

S84t QR corparad M1 h §Re tafof epeRtisAneda gaBQdi meNy .
15 Referring to Fig. 21, the drive section 21 of the

éhssall%ﬁswmms;ed for ikhe st gerkRd APPREALYUT O with the
the rail non-contact vehicle according to the ninth

[ esenty:iNv ion will be described.
%él?ggﬁﬂﬁg?lgégﬁgl%rgg égh?éd;nbeggl ment differs to the

20 enbodi .rftdp{og%}gtolgk"i& t%t tg‘f‘?esﬁfr%tvye bééc@%dnc' 20 of

directly he cart 5 wit'hout the first [ink
ELSRE e, DS BReSC AT R el I e o
t f

@z g el ;: ey S e L o

SRR A ”ee'%easg e Bt 45188 %béte%% §ived.
T o B D S
T Tobodrs Higslh fes a funcli onol the saleln el M e,
ggg'%h% 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. 12 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. In 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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mai n body contacts the curbstone 43, and a contro
signal expressing a control steering angle is sent
normal Iy to the servonotor 61. Detection of the
abnormal torque stops the further novenent of the 10
vehi cl e and actuates the braking of the wheel 6 to
prevent accident. However, it is preferable to equip
the gq@gﬁ@@@r and the curbstone 43 as a precaution.
Referring to Fig. 22, the drive section 20 of the

steering gyst esﬁéf*é@? fQlr thersieerd Nggappar afdgiefie 15 is
the rail non-contact vehicle according to the tenth

£abadimeat, 9t E%%Mﬁé&nellﬂw@nﬁhenv\emllcpg Aesel ivedy
Referring to Fig.” 20, this enbodi nent realizes the

PPRUG-FTBNY 4 oneg real i L4 fhI ﬁs%gﬁﬁﬁbéPUteAﬁo@HﬁErmal

and the safety aSSOCIate e control. The

’Ec??hldredcsc@fgl ﬁ‘ﬁedc c Q%‘r%rf??{b?h%lpevﬁ%éxgr%h‘éf'x)’éﬁ%lcle

anlsn1and the sa bar i's i ment

d h
b bR RUc e, CRENTNL AN ot | ek gad Clod o1

h th A fluid
%%ﬁs&“?eﬁ%qr%%sﬁm‘%ge.“éaééégronlst%é “%ﬂi“éﬁgﬁ- PR Zent
and a |ston gd 57' is u ed | ag g pai r %f the
TRE T8 L ¢ hEBaR S REBRISE The preese ot 6
PR ey %Eﬁe'e%it'%?s?%g%pf %ﬁh?&ﬁ‘?’%o‘%eraﬁ%%h%d raé%
and the novabl e end of the g}ston rod 57' on the other

T ECils ANRI2EE YA Bct &t ST 3FkBE SdctThf BESHi ch ©

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) is 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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5 is fixedly supported by the cart 5. A steering
mechani sm supplies positive pressure or negative

pressure to the operation chanber 72 of the fluid

pressure cylinder 71, drives the safety bar 65 in

right and left directions to the 10 actuator fixed

section 55, and actuates the first link mnechanism 13
sudpilie detondhle nkisedkanitsm 181uid tdweessatet ywphinder 71
65. Thus, the control of the steering nechanismis

sthsl an tmothbleodn®l odf tihe sevednh r@dbddi'met ohe side,
Fig. 18 in a point that the turn 15 direction of the
aheekthd sncoabiel latdvod mmenensteh dHde Safetoh beke other
65. The safety bar 65 noves in right and left

§li aectisonsi yban tihe: pesktitye Bne Aegald VeecPRRISWS which
oil is supplied to the operation chanber of the fluid

PE €5 I HIR) X |$ﬁgﬁror7t1ed| bywaHd bg-0 o heoretically
possi bl e t en the safety bar 65 receives

external horae.df o e AL SR Auihes cuehisd erithe

external force and the supply capability of the o

PFESSURR tO-the of lam%%%%tg&&yl;bn%{e 7&pehfréttefc§:?r@hamber

with each other.” In this case, the steering 25 control

P HRC LGQNTE Ol SEHH Q05 AR Sl 1 g&atﬂd aaglvte the

irary mechani control e safet

én%% akr%taélé]g TI:}C qu\ daf[]%f{:h%lls}:ec €90£LF. o the

iSm14°r1s carrl a priori
Qﬁn%aryfr§grfeg%¥f%§t5%pe actf%%tgh E%c¥1 % link
| s gased by VI Scosity Hh conpre55|m
rﬁéghgn‘ifsr& e TLuld A EssUie @ PR nd han P8 14 via the
safety bar 65. Thus, the control of the steering
mechanism 1s similar to the control of the seventh
embodiment of Fig. 18 in a point that the turn

direction of the wheels is controlled wvia movement of

the safety bar 65. The safety bar 65 moves in right

-and left directions when the positive and negative

pressure 01l 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 0il 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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5 instant, an open val ve interposed in piping of the
flui'd pressure control nechani smopens, and safety is
t horoughly mai ntai ned. Due to such a buffer
mechani sm this enbodi nent excels in safety than the
sevent h enbodi nent of Fig. 18. In order to strengthen
10 the buffer, air pressure is preferable as the fluid
E EBSWism and Wat efa it 5ipuefRiablhetas & herfbuiidy., The
concerning environnment. The ball screw 58 of Fig. 19
meeche d0pl aedr fyrdheePlatt dmeodimE ©f EldtddBindhef the
bal | screw 58 15 of Fig. 21 may be replaced by the
PLAESR 1M 0 5L s@fa K@ v18 o fChUA Womp¥akl@pility of
section 56 and the ‘actuator fixed section 55 of Fig.
£Puake s changeahl ey | P.RQsd ony1 Theyact uat or mpvabl e
section 56 may be fixed to the tart 5, and the
r fjxe ct =¥ i [

5 Bhban, TAeOeseotianyES A0 Lhokln sl by al, G5 e
pheels A velikel & Jpi poRody suppoched gy, sai doheel vy i
and a steering control "System erei'n sarfl steering

rol .system. _caonprj ses: contr ecti.0
R BT 18R 8 Rl Br SRt el s i

non- hanj cal ner,; an .
ﬁ%c anTgﬁP'Eﬁ?s @% gdlm%ﬂ% excels in safety than the

seventh embodiment of Fig. 18. 1In order to strengthen

10 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

15 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

20 to the safety bar 65,

45



10

15

20

25

a drive section configured to nechanically drive the
steering of said wheels, said control section
conprises: 15 a first detector configured to detect 1-
di mensi onal coordinate data of a target route; a
steering angle hol ding section configured to hold a
target steering angle corresponding to said
1-di nensi onal coordi nate datearfd@® a second det ector
configured to detect a current deviation between said
target routeand AontWdehhcROSidH 001 8f ceaigh Vehingl:e
mai n body; and a control steering angle cal cul ating
section gefdgyred to generate a control steering
angl e 25 corresponding to said current deviation and
sai d targetysi £E1 kNG AN Boagaldh Ghb EeRI YT 8kHAN thifeels;
defined as a 46 distance to said current position of
hd vehicle main body in a direction orthogonal to
sald target route, and said drive section turns an
orientatign of 5 $aid wheelsiba said contro
steering an@ 6. -2 " Pheé TarT - non-contatt vehicle
accordi ng cl ai , L5 [ t i's
et on a resr sl P RS Ir Y o B LY b
det ect.s said 10 position deviation in a non-contact
57 The rail non-contact vehicle according to

claimi, E“U@ﬁ%r%?m@éé%fgﬁ configured to control a

steering of said wheels in a noﬁumechanical manner:;
and

a drive section configured to mechanically
drivé the steering of said wheels,

said control section comprises:

a first detector configured to detect 1-
dimensional coordinate data of a target route;

a steering angle holding section configured
to hold a target steering angle corresponding to said
l-dimensional coordinate data;

a second detector configured to detect a

current deviation between said target route and a

current position of said vehicle main body; and

a control steering angle calculating section
configured to generate a control steering angle
corresponding to said current deviation and said
target steering angle, |

sald current deviation is defined as a
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a calculating section provided on said 15 vehicle
mai n body, and wherein said cal cul ati ng section
cal cul ates and hol ds a 2-di nensi onal coordi nate data
by integrating a velocity data of said vehicle nmain
body. 20 4. The rail non-contact vehicle according to
claiml1l, wherein said target route is set on a road

$Ustase ang, CORRId S@sr ABn@UtHUK i 886kl ¥ CORfidgwad: ¢Pe main
out put said 1-di nensional coordinate data, and said

Hediynensional reeqrdinal e rdaldhn 81 2% of ransa theddt ofbute,
sai d output portion to said first detector in
jzel ess. 47 5. The rail non-contact vehicle according

to claim4, wherein said target steering angle is

witten in ;e rgpoiRg JOUt 8,156 Jhe, haid, None GeRtRCto £
O cla \ wh I

vehi cl e according to Im erein sard contro

[ f her. _ ¢ [ : ' d d
SEER Bhat ¢ Baacith Sl Byt P L a FEb B anal -
body, and a steering angle control section generates a

control data corresponding to said position deviation,
aid desired steering angle, and said velacity. The

F21 non- S8 St ventE e GEEard: mt b s et hfnd o

dperein sald control, S§CLLILd 08k e SOIPLLE®Yn a road

surface, and said second detector detects said

position deviation in a non-contact manner.

3. The rail non-contact vehicle according to
claim 1, further comprising:

a calculating section provided on said
vehicle main body, and

wherein séid calculating section calculates
and holds a 2-dimensional coordinate data by

integrating a velocity data of said vehicle main body.

q. The rail non-contact vehicle according to
claim 1, wherein said target route is set on a road
surface and comprises an output section configured to
output said l-dimensional coordinate data, and

said l-dimensional coordinate data 1is
transmitted from said output portion to said first

detector in wireless.
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an optimzation calculating section configured to
optim ze said control steering angle to an optinal
solution, and 20 said optiml solution is determ ned
to mnimze vibration resulting fromthe steering of
said vehicle. 8 The rail non-contact vehicle
according to 25 claiml1, wherein said control section
further coarRprd$es: nansieett Agtangliel €der edd®nding to

~controller 48 configured to determne a future

St &ehi B9 NPt Le iGOrF£LBRO0RLIRYE it Os BebHilH® PAGIE ONs ORritten
said target route, and to generate a correction

St egr kNG 2Nk e r ogard esponding to said current
deviation, said target 5 steering angle, and said

future steering angle, and said control steering
angle calculating section generates said contro

steering apgl &, £or LeHRQNAL NG 10 Sal dogur rangorcaing to
sal

devi ation, said target steering angle, an
éf%iﬁcﬁhm%ﬁé§STdK££T@'Son%%éﬁ dhe¢hall  PRRLGQY act
vehicl € "accofding to  clarm@8, wherein said contro
é@ﬁ#kgge%grther conprises: a second detector

rgured to detect said 15 current steering angle
to said current_position when i d vegi le carries
out a N-tR P SERE T Der O R AR Sang e TEEELE
velocity of said vehicle main body, and
a steering angle control section generates a

control data corresponding to saild position deviation,

sald desired steering angle, and said velocity.

7. The rail non-contact vehicle according to
claim 1, wherein said control section further
comprises:

an optimization calculating section
configured to optimize said control steering angle to
an optimal solution, and

said optimal solution is determined to
minimize vibration resulting from the steering of said

vehicle.

8. The rail non-contact vehicle according to
claim 1, wherein said control section further
comprises:

a steering angle correction controller
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an optimal solution calculating section configured to
determne a current optimal target 20 steering angle
fromall or a part of said current steering angles
for Ntinmes, and said optinmal solution cal culating
section determ nes said current optimal target
steering angle such that vibration resulting fromthe

- Sdeeiigig o 28 sRitk Mehhel @ ifuthbeNMsaeth rilfg Hheyrail

non-cont act vehicle according to 49 claim9, wherein

' é@fge%tdr{@inéowt I ONF g8l el @d@ﬂtl%%ﬁdr?nsg‘i?@fpr‘daie@e@

neur al ~net wor conflgured to detern1ne sa

&Ef@c“ a9y st ge 'e@ﬂe@é‘ﬂ IE%orna'été‘QEl%%maﬁ?&le

i cle according to a|n1 ereln sai d optinal

czggiggﬁg%nccﬂﬁg' aly rggal&eewr%ﬁeam%\@l@%ggg%m& Ocarget

ne sal correction steering an

EOELLE AI BT LAM D 32, The, K2l L B0t GO Al o] g0

accor clai'm reln sai

cal cul at t t t

S5l 0 cor r BRAHE 'ﬁaﬂ ngs%z%éfé%@‘;“’dé%%“ SIGR ELTL0G

al gorithm % g q: f %ct vehicle
%%%ﬁ%a%g%eaa snisa bl GRAT AL SRRty oFRed& i on
R PSR P tPed Ao @k%ﬁ% | Sgaﬁt""a'r%“ér‘é‘él SR ighdrarget
sai d g |n1zat|on cal cul ating section

steering angle, and sald correctlion steering angle.

S. The rail non-contact vehicle according to
claim 8, wherein said control section further
comprises:

a second detector configured to detect said
current steering angle to said current position when
sald vehicle carries out a N-th run of said target
route; and

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

said optimal solution calculating section
determines said current optimal target steering angle
such that vibration resulting from the steering of

sald vehicle is minimized.

10, The rail non-contact vehicle according to
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mnimzes vibration resulting fromthe steering of
said vehicle. 14. The rail non-contact vehicle
according to 25 claim 13, wherein when mand n take an
optional one of a plurality of conbinations of m and
n, a deviation between a position of said vehicle
mai n body at a mth 50 run and an n-th run on said

dBHEURL I0ULRe S iOXPE £58Cp tASnAD 3BRMIt e, cand sl €ing
optim zation cal cul ating section determnes said

SOEESGH beﬁ}%%%rsierkg Angba r3uch & bab rk ééhﬁfflﬁ?t;u%r@é

of the anplitudes is mnimzed. 15. The ra

%Hé%&&tﬁétsﬁﬁi goerﬁgegﬁginngsﬁé’egli?ﬁg‘“éﬁ 14herein
en mand n take an optional one o a p?urallty of
conbi nations of mand n, an 10 accel erati on of said

vehicl e main body between the m th run and the n-th

f4in on said £ arget B%Fﬂlt—gcéﬁt?f%’éﬁrxﬁezéfgiea%dcéﬂgang to

optim zation calcul ating Sec €rm nes” sa

Shtafod o ThEHarEra: Pl nihifi it S Gpe e i

raig.non-conta%t vehicle according to an¥ of clains 1
FO°15°0 FEREH LEShpt iRTRGE AL cart &GSt Ra B *$hi d
wheel s; .and 20 a safety bar supported by sajd cart and

SO PG { SLEGTIAS APFAR R Ut Pled Dbf bor, Akggrtthm.
drive section is interposed between said cart and

sai d wheel s, and

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

correction steering angle based on genetic algorithm,.

13. The rail non-contact wvehicle according to
c¢laim 8, wherein said control section further
comprises:

an optimization calculating section
configured to optimize a control data, and

said optimization calculating section
minimizes vibration resulting from the steering of

salid wvehicle.

14, The rail non-contact vehicle according to
claim 13, wherein when m and n take an optional one of
a plurality of combinations of m and n, a deviation

between a position of said vehicle main body at a m-th
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a di spl acenent portion of said drive section 25 is
mechani cally connected with said wheels and said
safety bar. 51 17. The rail non-contact vehicle
according to claim16, wherein said displacenent
portion is a ball screwdriven by a notor or a nut
connected to said ball screw 5 18. The rai
POR- oM agh welircleuacear a1kt ear@ett NFdht eWney @éRpressed
sai d di splacenent portion is a cylinder driven mﬁtﬁ a
FEUbeh BSSUERJEOUr£€40r @ piston rod connected to
said cylinder. 10 15 19. A rail non-contact vehicle
CoNpri si NGz i MELLI mid £BL bnSURPOF L Ed thh Fad dowhesl s
and a steering apparatus, and wherein said steering

%@{E%&fiﬂiﬁe SOURNIFESy }:@ ALY 5 s ReBGM GV, axh§1GoMNELh €dhat a

an output axis o sal d notor; bearings

figur u r ai Xl S+ asnut
SO0 LR R IPE L a B R EER B P fliilzca.
configured to support said nut;

i5. The rail non-contact vehicle according to

claim 13, wherein when m and n take an copticnal one of

a plurality of combinations of m and n, an
acceleration of said wvehicle main body between the m-

th run and the n-th run on said target route is

expressed, and

sald optimization calculating section
determines said correction steering angle such that a

sum of sguares of the accelerations is minimized.

l6. The rall non-contact vehicle according to any
of claims 1 to 15, further comprising:

a cart supported by said wheels; and

a safety bar supported by salid cart and
configured to contact a rail side fixed object,

said drive secticn 1s 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.
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a second support configured to support said 25
bearings; and a |ink nmechani smconfigured to steer
said wheels, and 52 5 10 15 20 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

tonstitut ghed ARYADILR S EensERROFeheeNREE @ Wtilhg to
said |ink mechanism 20. The rail non-contact vehicle

ace9nding, tQhedeaiim 48i df Wit acemr S POrtaciaf£tYa ball
bar; and safe rings supported by the safety bar, and

satdysafetyehaby S cRARBE! &k Wit RyusaidbnABvakle $hdgaiq
support, said cart is connected with said fixation

$hde sypport, and said nut is supported by the cart.
21. The rail non-contact vehicle according to claim
19, wherein said notor and said bearings are
supported by said safety bar. 22. The rail non-contact

Y hlc!e a%ﬁgwﬁ$glt%oﬂjé%ﬂkggfnvg&icﬁ%e%%£b§8&%g to
st éeri ng apparatus
claim 16, wherein said displacement portion is a

cylinder driven with a fluid pressure source or a

piston rod connected to said cylinder.

19. A rall non-contact wvehicle comprising:

wheels;

a cart supported by said wheels; and

a steering apparatus, and

wherein said steering apparatus comprises:

a motor;

a screw axls 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

52




10

15

20

25

further conprises: a clutch interposed between said
screw axis 25 and said notor, and connection of said
clutch is released in response to contact of said
safe rings and said rail 53 side fixed object. 23. The
rail non-contact vehicle according to claim19,
wherein said nut is supported.by said link 5

mechani smeiafte sabg mBtid anedssAighpparitnghd@reaid second
supported by said cart. 24. The rail non-contact

y@ﬁb@ﬁtE@@ﬁéﬁﬁwhﬂé%aQYﬁﬂﬁa@i@hﬁ%iﬁ%téhﬁﬁoﬂ@“&ﬁk@d to
sald screw axis 10 constitutes.a ball screw axis. 25.

fufal lcon; conbacdi Medkche coNPEi $iinGit 19ugBo%® %nd said
said notor; wheels; a cart supported by said wheels,

20863 SIeSH5Pe WY st 8Rd 384 dy SHBSING MBERNG upport

conprises. " a notor; a novable body connected wth an

ngxﬂgktaéﬁswﬁtﬁafseatﬂ/? bag g %é'éjﬁ?n‘é’isﬁrh safe rings, and
a I'ink mechanismconfigured to steer said wheels,
20.. The raill non-contact vehicle according to
claim 19, further comprising:
a safety bar; and
safe rings supported by the safety bar, and
sald safety bar is connected with said

movable side support,

sald cart 1s conhected 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 motftor and sald bearings are

supported by said safety bar.

22. The rail non-contact vehicle according to
claim 20 cr 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 salid safe rings and said rail
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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. 54 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
yidea i @®NoBAGc: Fack. 5 27. A rail non-contact
vehi cl e conprising: wheels; a cart supported by said
wheel s; and a steering unit, and wherein steering
unit conprises: 10 a notor; a screw axi s connected

seth an ogtRUty A S nQfn - é@hga@¥(¥ehbéﬁ%'%E%ordlng to

configured to support said screw axis; a nut
SEEgned d N GAbY <SGl ey, §yi Ty @ i.lsn% é mby said link
configured to steer said s; and a safety bar

Ifaéewa%eldsﬁm thglaf%ﬂinﬂg’torsaé dsegl Qty PALr 1 ?&’d are

nmot or, "and sai garings are fixedl'y support

§§%ﬂoggﬁ;j Bpdssaid oyt is connected with said I|nk
mecnani sm -

24, The rail ncn-contact vehicle according to any
cf claims 19 to 23, wherein said screw axis

constitutes a ball screw axis.

25, A rail non-contact vehicle comprising:

wheels;

a cart supported by said wheels, and

a2 steering unit, and

said steering machine 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,

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

said safety bar is movably supported to said
cart, and salid motor is fixedly suppcrted by said

cart.
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28. The rail non-contact vehicle according to claim

27, wherein said steering unit further 25 conprises: a
clutch interposed between said screw axis and said
notor, and 55 connection of said clutch is released in
response to a contact of said safe rings and said rai
side fixed object. 5 29. A nethod of steering a rai

2/pN- cont ach e Vehiicl enogodpHiSA @Y vedlitd g atcarding to
1-di mensi onal coordinate data of a target route;

el dh nG50f whdBE 9RT sSliRerdREpangl£210 oG rLsPANALAG 1 Oi s
said 1-di nensional coordinate data X ; detecting a

A &8t edev)iat op Q%W%%ﬂbsﬁb@ytﬁﬂgeb @ﬂﬂﬁ@naﬁﬁ&ia rack.
current position of a vehicle main body; 15

generating a control steering angle corresponding to
sai d current devi ation and said target steering

Angle: and tysh ng, ot LeAkald Ony8h sheel Soh an Afgh e
posi tion correspon ng to said control steering angl e,

20 and gipsaid current deviation is defined as a

"~ distance of said current position in a direction

orthogmu% Egr%mékéggg%%dw%§63aid wheels; and

a steering unit, and
wherein steering unit comprises:

a motor;

a screw axis connected with an output axis of

said motor; bearings configured to support sald screw
axis;

a nut screwed in sald screw axis;

a link mechanism configured to steer said
-wheels; and
a safety bar provided with safe rings,
salid safety bar, said motor, and said

bearings are fixedly supported by said cart, and

2aid nut is connected with said 1link

mechanism.

28. The rail non-contact vehicle according to
claim 27, wherein said steering unit further
comprises:

a clutch interposed between said screw axis

and said motor, and
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25 30. The steering nethod according to claim 29,
further conprising: setting a future target steering
56 5 corresponding to a future position on said target
route; and generating a correction steering angle
corresponding to the future steering angle, and
wherein said control steering angle is determ ned

based on gRirfth&gthient Heviationslsabd ilkangel cskeet iing
angl e, and said correction steering angle. 10 31. A

B 88LINE: Mebhgd ofn @5 £@1 b 08 £4NLaGTe ffﬁb%'%nd said rail
wherein a drive section conprises a notor, "a ball

§§ang@§§dCQBa%§h§d\Mtflan out put axis of said
motor, and a ndt connected with the ball screw axis, a

clutch i nt er posed between said notor and said ball 15
screw axis, and a |link nmechani sm connected with said

sheel s ang Gonfi gur ed 1o 03 @es £8Ht In%l‘f of:ah'%%ct

oufput axi's of - sard motor:  sai eeri
r congrlses detectlng a contact betmeen a part

o?£§§|§” 20 @gﬁ%ﬁln%Wth a road surface side

structure; d di se gagl g .sai d cIutcE |nter(§)ose%e data of

therebetmgg i ¥el oﬁ%e SlPﬁ&%ﬁﬁ%% ina

a target route;

setting of a target steering angle
corresponding to said l-dimensional coordinate data
Xy:

detecting a current deviation between said
target routes and a current position of a vehicle main
body:

generating a control steering angle
corresponding to said current deviation and said
target steering angle; and

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

wherein said current deviation is defined as

a distance of said current position in a direction

brthogonal to said target route.

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

setting a future target steering
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corresponding to a future position on said target
route; and
generating a correction steering angle
corresponding to the future steering angle, and
wherein said control steering angle is
determined based on said current deviation, said
target steering angle, and said correction steering

angle,

31. A steering method of a rall 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 said
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 interposed

therebetween in response to the contact.
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